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PART II
CuArTER L.—MIXTURES OF PETROLEUM.

SEOTION 1L—FILTERED PETROLEUM.

Petroleum was prepared for use, particularly in medicine, by filtering, at a very early date in southern Ohio

Dr. Hildreth, as early as 1888, (a) mentions filtering petroleum through charcoal, by which much of its “ empyreumatic
smell is destroyed and the oil greatly improved in quality and appearance %, Bince that time petroleum has been
filtered through gravel and through both wood and animal charcoal, in order to remove all sediment from it, and at
the same time to remove in part both its color and its odor; but since the methods of refining by distillation have
been discovered, it is chiefly the more dense oils that have been treated in this way. These dense natural oils are’
often injured by distillation in the properties which render them valuable for lubrication, and filtering appears to
furnish the only means of removing, even in a partial manner, the color and the often quite disagreeable odor.

SEcoTION 2—MIXTURES OF PETROLEUM.

The mixtures into which petroleum enters are chiefly nsed for lubrication. They consist of petrolenm and
Leavy products of petroleum mixed mechanically with animal and vegetable oils, tallow, resin, and allied materials,
of the same mixed with mineral substances, and also of the same mixed with chemical compounds, The first class
of compounds is made in very great variety ; in fact, there is scarcely a wholesale oil house in the country but has
some formula of its own for compounding lubricating oits, into which petroleum or the prodacts of petroleum enter
as o constituent. Some of these are sold honestly as mixtures, while others are adulterations pure and simple.
Some of these mixtures are prepared in the rudest manner, and are used only for the coarsest purposes; others are
prepared with great care, the mixture being effected by heating and purified by straining or filtering the oil
through various materials. The general purpose for which mixtures are prepared is to produce a lubricating
material that will be quite as effective as animal or vegetable oils and at the same time be less expensive. A few
mixtures are prepared and sold on their merits as preparations of a superior guality, while some dealers maintain
that the larger the proportion of mineral oil the better.

The oils used in preparing these mixtures are sperm, whale, and lard oils to a considerable extent, especially for
lubrication. Neat’s-foot oil and castor oil are used in mixtures for dressing leather. Lard-oil mixtures have been
used for oiling wool. In Germany a mixture is sold under the name of “Vulean oil”, which consists of a petrolenm
distillate of a specific gravity of from 0.870 to 0.890, treated with about 6 per cent. of sulphuric acid and well washed
with water, and then mixed with 5 per cent. of rape oil. Amother, called “opal” oil, consists of petroleam distillate
of a specific gravity of from 0.850 to 0.870, similarly treated and washed, and mixed with 19 per cent. of rape oil.

The mixture of petroleum products with mineral substances have only been invented quite recently, and
are prineipally the go-called plumbago oils manufactured in Rochester, New York. By a process which has been
patented, reduced petrolenm ig apparently ground with graphite, a8 paints are ground in oil, resulting in a complete
suspension of the graphite in the oil. It is claimed that these oils are very superior Jubricators for railroad axles
and steam eylinders, the latter becoming coated with a polished coat of graphite soft as silk, The Johnson
Graphite Oil Company publishes & certificate showing that a car had made over 13,000 miles of mileage on one
application. It has also been proposed to treat heavy reduced oils with powdered pyrophyllite. This mineral
resembles tale, and when powdered is especially soft and greasy to the touch. A

The most striking example of chemical preparations of petrolenm is perhaps found in the justly celebrated
Galena oils, manufactured at Franklin, Pennsylvania. These oils consist of a lead soap dissolved in petrolenn.
A lead soap is prepared after the ordinary manner by boiling oxide of lead with a saponifiable oil, and the whole
is dissolved in the natural heavy oil of the Franklin district. The oils thus prepared have great tenacity and
endurance as lubricators, particularly for car-axles, for which purpose they are principally used. ’ -

Mixtures of natural oils and tallow, natural oils and residuum, reduced petroleum, residunm from acid-restoring
works, containing sulphur, pine tar, etc., are used on car-axles and for other heavy lubrication.

a A. J. 8. (1), xxiv, 63, 157
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OHAPTER IL.—PARTIAL DISTILLATION.

SpoTioN 1.—SUNNED OILS. .

The thickening by evaporation of oils spilled upon the Allegheny river and its tributaries, by which an ordinary
third-sand oil would become converted into a dense oil fit for lubrication, led to experiments upon the lighter first- .
and second-sand oils around Franklin that were too light for lubricators and too dense for profitable manufacture
into illuminating oils. These experiments were first undertaken by Mr. William H. Brige, of Franklin, and
consisted in an attempt to imitate the conditions observed on the river as nearly as possible. Mr. Brige first
exposed the oil spread on the surface of water in a small pan 3 feet square. = This pan was placed in the sun, and .
the light oils were allowed to evaporate until the desired congistence was reached. The method was found to be
entirely successful. The plan, since adopted on a larger scale, is as follows: A wooden tank is provided, sunk in the
ground nearly its entire depth, 60 to 70 feet long, 20 to 30 feet wide, and 1 foot deep. A flat steam coil is laid upon
the bottom, and water is run in from 8 to 10 inches deep, upon which a layer of oil about an inch thiek is placed.
The water is heated by the coil to about 1100 F., and the oil becomes very limpid, Every description of dirt, -
particularly minute particles of grit, that was held in suspension in the viscid oil is left free to fall to the bottom
of the tank, and the specific gravity of the oil is reduced in a few days from 320 to 292 B. The oil loses by this
treatment about 12 per cent, of its volume, and is increased in value from &5 to $12 per barrel.

SeoTIioN 2.—REDUCED OQILS.

. Throughout the entire region the observation has been made repeatedly that oil left in open tanks evaporates
and decreases in specific gravity Baumé, Mr. George Allen, of Franklin, acting on such observations, patented a
novel method of partially evaporating petrolenm which produces a very superior quality of oil. He suspends sheets
of loosely woven cloth vertically above troughsin a heated chamber and by a perforated pipe distributes the oil upon
the upper border of the curtain in thin streams. The oil is thus distributed over a large surface in the heated
atmosphere, and the thin film is rapidly evaporated, the light portion passing mto the atmosphere, and the heavy
portion dripping from the lower border of the curtain into the troughs, from which it passes into a receptacle. This
method of treatment furnishes a bright green, odorless oil, entirely free from sediment of any kind, such impurities
remaining attached to the curtain. Thesemethods of partial evaporation are particularly valuable, as they preserve
all the qualities of the natural oil, without any danger from the effects of overheating. ‘

Many thousands of barrels are reduced every year by partial evaporation in stills, either by direct application
of heat or by the use of steam, the evaporation for this purpose being always so carefully conducted as to avoid
overheating and “cracking” or any approach to destructive distillation. The different grades of naphtha are usually
run off, and then a sufficient amount of distillate is removed to reduce the portion remaining in the still to the
required specific gravity, The amount of reduction depends upon the purpose for which the oil is intended, not
only with regard to its density, but also with regard to the velocity and temperature at which the machivery is to
be run, For use on large journals and those revolving at moderate speed the oil is reduced to a specific gravity
of from 29° to 324° B., but for nse on small journals moving with great velocity, and also in the interior of cylinders,
where the temperature is very high, a still greater reduction is found necessary, and the oil is made more dense.
At the same time it is made less volatile, having a specific gravity of from 260 to 29° B,

A large proportion of the lighter grade oils of West Virginia and Ohio and the entire production of the Smith’s.
Ferry district are treated in this manner. The latter oil is very peculiar, having the color of pale sherry, withont
its transparency, and when freshly pumped has a specific gravity of 50° B., with a much less pronounced and
less disagreeable odor than any other petroleum produced in commercial quantities in the United States. When
reduced with the aid of steam the distillate of suitable specific gravity for burning oil requires little or no treatment
‘with acid or alkali, and the reduced oil from the still preserves its amber color and freedom from offensive odor,

_ furnishing a lubricator of very superior quality and attractive appearance. '
Reduced oils are often filtered through animal charcoal, and are thereby greatly improved in color and odor.
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"or rock oil for medicinal purposes.
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CraprER IIL—GENERAL TECHNOLOGY OF PETROLEUM BY DISTILLATION.

SecTION 1.—INTRODUCTION,

Oils were first obtained for commereial purposes by distilling shales and coal early in the present century, but
they had been thus produced in small quantities for experiment more than a century before. Gesner, in Coal,
Petrolewm, and Other Distilled Oils, 1861, page 8, says: ‘

As early as 1694 Tiele, Hancock, and Portlock made ‘piteh, tar, and oyle out of a kind of stone”,v and obtained patents therefor
¥ % % 1In 1781 the earl of Dundonald obtained oils from coals by submitting them to dry distillation in eoke ovens. * * * Laurent,
Reichenbach and others distilled the tars obtained from bituminous schists. These tars were purified in some degree by Selligne, and:
the oils subsequently obtained an extensive sale in Europe for burning in lamps and for lubricating machinery. * * * Patents wers
granted in England in 1847 to Charles Mansfield for ‘‘an improvement in the manufacture and purification of spiritnous substances
and oils applicable to the purposes of artificial light”, ete. Mr. Mansfield’s operations appear to have been chiefly directed to the coal
tax of gas works, from which e obtained benzole. He vas perhaps the first to introduce the benzole or atmospherie light, which is.
deseribed at length in his specifications.

From a letter received from the eminent English geologist, B. W. Binney, I extract the following statement
concerning the origin of the paraffine oil industry of Scotland:

In 1847 Mr. James Young came to me to ask for information as to petroleum, he having agreed to work some at Riddings, near Alreton,
I gave him all the information I possessed, In 1848 I went over with tim to Down Holland Moss(a) and showed him the petroleum peat
there and brought away samples for him, In the same year I went to Riddings and descended Mr. Oakes' coal-pit’and examined the
petrolewm ag it came from the roof of the coal-seam. Ithen distinetly told him that the oil could be made from highly bituminous coal,.
distilled at a low Leat in a somoething similar way as the peat and gas-coal yielded it. In 1850 Mr. Young and I became aware of the
discavery of o highly bituminous coal at Boghead, in Scotland. We met at the British association, in Edinburgh, at the end of July. I
went over to Bathgate, descendoed the pit whore it was wrought, brought a sample of it, and showed it to Messrs. Young and Meldrum,
who said they thought it would not malke oil. I said that if they could not make oil from it I conld. In & day afterward they asked:
me to jein them in a patent to work the invention. Mr. Young was to take out the patent in his name, and Mr. Meldrum and I were to-
join him in owning and working it. I accordingly bought land, found money, and purchased 10,000 tons of Boghead coal.  These works.
wero earried on under the style or firm of I, W, Binney & Co. for fiffeen years. I drew the specification of the Young's patent and:
invented the name paraffine oil, which term was quite new. In 1856 I took out an American patent in Mr. Young’s name for the invention,.
and soveral parties took licenses in the United States to work it there, paying 2 pence per gallon royalty to us, they fetching Boghead:
soal from Scotland at o cost of £4 or £5 per ton when delivered. Breckenridge and some other American coals were also used, I believe-
As some of those parties refused to pay thoir royalties, we went to law with them in the states, and their lawyers, having heard that our-
patent had been the subject of a trial in the ceurt of Queen’s Bench, wrote to England for the history of Young’s patent, which was.
reported in the Jowrnal of Gas Lighting, in & trial at law, Young vs. Hydrocarbon Gas Company, June, 1854, In this trial Mr. Young:
gave in evidence that lie obtained paraffine oil from petroleum before he resorted to coal to obtain it. That would be about 1860 ; and our
Amorican patent never yiclded us another cent of royalty. Oil lamps for burning it having been invented in Europe, all was ready for
the start of your vast potrolenm trade. We always (readed your native oil coming on us, but we did pretty well before it rushed out,.
and our patent expired in 1864

There was no lack of information in this country respecting the properties of petrolenm prier to 1860,

Professor Silliman, sr., in 1833, wrote: '

T havo frequently distilled it in o glass refort, and the naphtha which collects in the receiver is of alight straw color and much.
lighter and more inflammable than petrolenm. On the first distillation a little water Tests in the receiver at the bottom of the naphtha,
from thich it is easily decanted, and a second distillation prepares it perfectly for preserving potassium and sodium, the object which
has led me to distill it, ()

In a communication made to the Bradford Era of July 4, 1881, some one signing himself # Old Salt Well ”
gives the following story of the first attempt to refine petroleum in northwestern Pennsylvania. Speaking of .th&
salt-wells near Tarentum, Armstrong county, Pennsylvania, which, with the springs on Oil creek, at that time:

produced all of the petroleum of that region, he says:

To my certain knowledge they only produced from three to five barrels per day, and I recollect distinctly there was but one well:
that i)voduced oil only, The wells wero pumped, the oil mingling with the salt water. The wells wers owned by a gentleman named
Kier. When the wells first yielded oil it was placed in four-ounee vials and hawked about the country at 25 cents per hottle as Seneca
In the year 1854 a small refinery was built at the corner of Grant street and Seventh avenue,.
Pittsburgh, the point of the 0ld canal outlet into the Monongahela river and the same locality of the present.railroad tunnel. It was thera
thoe fizst carbon oil was refined for illunrinating purposes. The still did not have & capacity ?xceedi‘ng five bz.ere]s. It ?ccuplecl a one-
story building, in size about 12 by 24 feet. In the gpring of 1855 I purchase_d a gallon of 1;].13 oil, had it placed in a stone jug, and took ib-
Lome for the purpose of illumination. The Lind of lamp in whigh the oil was used was the samne as what was then em'p]oyerl for a
substance called burning fluid. The lamp had from one to five small tubes, and was made of 'bn‘ta;nma or pe.waer. To trim the lamps
cotton-wicl was drawn into the tubes, perfectly tight, and the wick was cut down closf_aly until it ceased smoking, and then the lamp.
was nearly as perfect as auy lamp of the period. Each one of those tubes produced a light eql}a,.l to .a.bout two tall‘ow candles. I.{)L i;h:;
yoar 1876 or 1877 the still that was employed in this immense refinery was displayed at the exposition in A]legl}eny (flty,. and was Jabele .
as the fizst still ever used to refine petroleum. In its day it supplied the world’s demand for that kind of an llumination. The matter
of where the first oil was produced I believe is not the question. Any of the old salt manufacturers shout Tarentum ecan corroborate-

a On the const north of the Mersey. - b A, J. 8. (1), xxiii, 10L

’
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Wﬁat is here stated, and perhaps furnish many interesting details not contained in this brief article. These wells were located 18 miles
from Pittsburgh, near the path of the old Pennsylvania canal. Colonel Drake was not the ﬁI‘Bf'} man to produce petroleum, but he was
certainly the first person who drilled a well for the express purpose of finding oil. The questions of when and by whom the first oil
tas produced and refined can readily be established by indisputable proof. .

The Mr. Kier mentioned above was Mr. Samuel M. Kier, before mentioned in this report (see page 10), who, with
his friend Mr. McKuen, carried on the enterprise as described. This statement is corroborated by a large amount of
evidence from independent sources. It was not alack of knowledge, but a lack of petroleum, that prevented its
use by American manufacturers before 1860. Drale sold his oil to MeEKuen for 75 cents a gallon.

The editor of the American Journal of Science and Arts in 1861 reviewed Gesner's Coal, Petroleum, and other
Distilled Oils, and says: '

The author recognizes the intimate relation of the manufacture of coal oils with the production in such increasing abundance of
petroleum, destined to become & powerful competitor of the artificial produet for economio use. It is instructive in this connection to
recall the fact that the natural product (petroleum), which has been well known from the earliest Tecords of human history, should
have remained comparatively useless and almost neglected until the modern art of coal-oil distillation has'shown its industrial value.
1t is quite poseible that the future historian of the indusivial arts may Took Dback on the coal-oil distillation as only an episode in the history of the
development of the use of petroleum. (a)

In 1862 Isaiah Warren and his father, being in the lard-oil and candle trade in Wheeling, West Virginia,
commenced the distillation of West Virginia petrolenm in three 15-barrel stills, and Mr. Warren, sr., Was
apprehensive that they would glut the market, the price of refined oil then ruling at from 85 cents to 1 15 per
gallon.

SeorIoN 2.—EARLY METHODS.

The stills in general use at this time were made in three parts, bolted or riveted together, and consisted of a
cylindrical cast-iron body, to which was attached a boiler-plate bottom and a castiron dome and goose-neck.
They held about 25 barrels, were heated from the bottom and bricked up upon the sides, and were sometimes
protected from the direct action of the fire by fire-brick. These stills were charged with crude oil, the charge run
.off, the still cooled, and the coke cut out, often with a cold-chisel. When four-fifths of the oil had been run off the
remainder was, when cold, as thick as pitch; at this point some refiners introduced steam, which mechanically
.expanded and carried over the last volatile portions of the charge, leaving a compact coke, while others distilled
to coke without steam. The use of steam at a high pressure in the distillation of Rangoon petroleum and coal had
been patented in England in 1857 by Mr. Bancroft, of Liverpool; and Mr. Wilson, a manufacturer of stearic acid,
-in 1860 used superheated steam in the distillation of natural petroleums.(b) Steam under moderate pressure was
.also frequently used throughout the entire distillation, both above the charge and injected through it. In
the latter case it becomes superheated as the Doiling point of the oils rises above that of water; it was,
‘however, considered preferable with the dense paraffine oils to superheat the steam before it entered the oil.
Sometimes, after the charge in the retort was partly run off, it was the practice to allow a stream of fresh oil to
.enter the still about as fast as the vapors were condensed. In this way about twice the ordinary charge could be
.distilled and the residue of the whole run down to coke. The light naphthas were first taken off and were used for
foel or were allewed to run to waste, there being at that time little or no sale for these products. The distillate
was then run to illaminating oil unfil the specific gravity reached 36° B.=0.843, and the remaining chargoe
run down till the distillate became of a greenish color. The illuminating oil was then placed in an iron- or lead-
lined tank and agitated for one or two hours with oil of vitriol washed, then with water, and afterward treated in the
same manner with caustic soda solution of a specific gravity of 1.400 and again washed with water., Some refiners
-considered this successive treatment with acid and alkali sufficient; others subjected the treated oil to a second
-distillation, sometimes over solid caustic soda; but this distillation had to be condncted with great care. Some of
the earliest and most successtnl refiners of petrolenm on the Atlantic coast were formerly manufacturers of whale
.and sperm oil, and, having been accustomed to expose their animal oils to sunlight under glass roofs in shallow
tanks, they adopted with uniform success the same method of treatment for the mineral oils. . Both the color and
the odor are improved by this exposure. The heavier naphthas and heavy oils were subjected to redistillation,
-either alone or with more crude petrolenm, and all of the distillate of a proper specific gravity for illaminating oil
was carefolly separated. The remaining heavy distillate was treated with acid and alkali and sold as ¢ paraffine
«©il”, Tt was of a dark color and rank odor, and found its way into use very slowly, not only on account of its

real inferiority, but on account of violent prejudice against it

SE0TION 3.—DESTRUCTIVE DISTILLATION.

The general method of manipulation just given was in very general use until about 1865, when the method of
.cracking or destructive distillation of the heavier oils was generally adopted. A great variety of chemical reagents
were used in treating the oils. Solid caustic soda was used in the stills. The oils were washed with nitric acid ;
bichromate of potash was added to the sulphuric acid, and the combined action of sulphuric and chromic acids

a A.J. 8., 1861. : b J. F. 1., Ixix, 338, 1860; Cosmos, Mar., 1860,
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was thus secured; and chloride of lime ox bleaching powder in the proportion of 3 ounces to one gallon of oil has been

- used with hydrochloric acid, the oil finally being treated with lime water. Whatever reagents are used in treatment,
it has been found necessary to bring the oil to a uniform temperature above 60° F. In the old form of agitator,
when the mixtare was effected by machinery, the injection of steam during agitation has been found beneficial
both for bringing the oil to the required temperature and to facilitate the washing and settling of the acid and
alkaline solutions. (@) ‘

In December, 1865, James Young, jr., of Limefield, took out a patent in England for an improvement in
treating hydrocarbon oils that was noticed as follows in the Ohemical News for August 31, 1866:

This looks like a very valuable invention. The patentee submits the heavier hydrocarbon oils to distillation under pressure, and
finds that thereby the heavier oils originally operated npon are converted into oilsof lower specific gravity, possessing a higher commereial
value, The process may be carried onin ordinary steam boilers (noktubular), which should be proved to 100 pounds; but it is not found
necessary to operate mueh beyond a pressure of 20 pounds to theinch. The meansof regulating the escape of the vapor, and of condensing

"it, can be cosily imagined. 'The operation may be carried on with the crude products of the original distillation, or the lighter oils may
flvst be separated by an ordinary rectification, and only the heavy oils submitted to this treatment. (b)

. At about the time that this invention was patented in England the same results were obtained in the
United States by an entirely different method of manipulation. This method consisted in a slow and repeated
distillation, which produced destructive distillation of the medinm and heavy oils, converting them into oils of a
density suitable for illmmination with a production of gaseous products and deposition of carbon. In order to
accomplish this result the brick casing was removed from the stills, and after that portion of the distillate snitable
for illumination had been separated the fires were slackened and the vapors of the heavy oils as they rose into the
dome of the still were allowed to condense and drip back npon the hot oil below, which had meanwhile been heated
to a temperature above the boiling point of the oil dripping upon it. This practically superheats the vapors of the
oils and produces decomposition. The eflect of distillation under pressure is precisely the same: the oils are
distilled at a temperature above their normal boiling points. By this method of distillation the petroleum can be
converted into naphtha, illuminating 6il, and ¢oke, with a certain amount of gas either escaping into the atmosphere
or being burned as it escapes. The illuminating oil may be collected in one receptacle and be made of uniform grade,
or that portion of the petroleum suitable for purposes of illumination can be separated from that produced by
destructive distillation, thus furnishing two grades of illuminating oil which are quite different in composition and
quality, the light oils in the erude petroleumn being superior to those produced by the decomposition of the heavier
portions of the oil. This method of distillation had heen suceessfully pursued in treating the distillates from coal
before the introduction of petroleum, but it was not generally applied to the treatment of petrolenm, especially

‘in very large stills, until about the time here indicated. - Its successful introduction and general adoption
was, however, the rvesult of an accumulated experience, not only in the distillation, but quite as much in the
subsequent treatment of the oil with acids and alkalies, especial regard being had to the temperature while
undergoing treatment. The result of the adoption of this method of manipulating the oil by one distillation was
the gradual separation of petroleum refiners, in a general way, into two classes: a small number whe continued
to manufacture a variety of products from petroleum, and a large number who manufactured principally illuminating
oils. ‘While the division thus made is correct in a general sense, it must not be understood as applying strietly to
all the parties engaged in manufacturing petrolenm. There are those who reduce petroleum a;ld sell their light
distillates; others who reduce petroleum and treat their own distillates; others who produce nothmg but enormous
quantities of crude naphthas, illuminating oils, and residuum, selling their crude naphtha to parties x\{ho I(-:‘ﬂlstlll
and fractionate the naphtha into several products—their illuminating oils to the general trade, and their residunm
to manufacturers of lubricating oils; others who refine and fractionate crude naphtha; others who manuf:aeture
lubricating oils, using both crude petroleum and residtuum for the purpose; others who mam.lfacture in one
establishment nearly everything that can be made from petrolenm ; and still ot.hers who have s'peclal processes by
which peculinr products are obtained. It is unnecessary to describe in detail all of th‘ese different methods of
conducting the business of manufacturing petrolenm; it is sufficient for my purpose to describe cz_lrefully.what may be
termed two typical establishments, and then to deseribe a number of processes that are used for special purposes.

‘SECTION 4.—¥DESORIP'1DION OT THE APPARATUS USED IN MANUFACTURING PETROLEUM.

Béfore describing the process above mentioned, it will be necessary to describe in detail the apparatus which
i in ge tablishments. »
* lnfggzﬁloﬁf—l'}?lh? felmlr;(sasb petroledm refineries in the country are af; tid(?-water at Hunter’s Point and Newtown
creek, Long Island ; Bayonne, New Jersey ; Point Breezo, below Phlladelp]ila, and at Thurlow, below C'hester, on‘the
Delaware; and near Baltimore, Maryland. At Bayonne, New Jersey, the bt.a?nf;lard and O(;ean refineries have 1)1(()38"(3)
1,000 feet in len gth, with sufficient water to float the largest ships and fa@hlnes for loading from 6,000 to ‘?’1 , ’
barrels of rofined oil daily. In western Pennsylvania and Ohio the rfa.ﬁn‘erlgs are usunally IPGated upon .the sid ? 10
. a hill, the storage-tanks for crude oil being placed highest and the oil distributed by gravity sci)‘ far as is possidle.

) a See Chemical News, vi, 230, b Q. N., xiv, 108.
VOL. IX——11 : ,
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BuiLpiNGgs.—The buildings of refineries are in the greatest variety possible. In the older establishments,
particularly in. the Atlantic cities, the works are carefully inclosed with substantial buildings of brick and irom,
while the other extreme is to be observed in newer establishments, either just going into operation or being rebuilt
after destructive fires, when scarcely anything about the place except boilers, engine, and pumps is covered, the
receiving-tanks being underground and the stills without any covering at all. The works of the Downer Kerosene
0il Company, at South Boston, have always been very carefully inclosed in valuable brick buildings, and no serious
loss has occurred there for many years. Sowme of the immense refineries at and around Hunter’s Point, Long
Island, are also fully inclosed; but the works of the Tide-Water Pipe Company at Thurlow, Pennsylvania, on the
Delaware, only recently constructed, and said to be one of the most complete establishments of the kind, are almost
as completely exposed to the elements as those of the smallest and radest concerns in the oil regions. The boilers
are placed in one building, the pumps in another, the office in another, all of which are of brick; but the stills and
condensers are without any covering whatever. The distillate tanks are all underground; the agitating tank is
isolated and uncovered; and the sunning and spraying tanks are in buildings made of rough boards, and are of
little value. The works of the Acme Oil Company, at Titusville, Pennsylvania, built to replace those burned during
the census year, appear to be built on a hillside from which fire has removed even the soil, and to be without a
building or a covering of any description.

TANKAGE.—The oil is received at the refineries either from pipe-lines or frow. the tanlk-cars of transportation
companies, and in either case it is pumped into vast storage-tanks holding from 10,000 to 36,000 barrels each. The
tank-cars are provided with gates or valves on the under side, to which hose may be attached, and connections are
made with a large pipe 1aid beneath the track, into which the oil rushes as soon as the gates are opened. This pipe
discharges the oil into a tank, from which it is pumped to the storage-tanks. In these tanks from one to two per
cent. of water settles, and from them the oil is pumped into the stills.

STILLS.—A great variety of stills are in use for different purposes, and the greater the variety of products
produced from the petroleum the greater will be the variety of stills in use as regards botl size and form. In some
establishments the old east-iron, upright cylindrical still,-with wrought-iron bottom, is still in use. To these have
been added plain, horizontal wrought-iron eylinders of various sizes. One of these, as now quite generally used, is
represented with the setting in the vertical section in Fig, 37, and a bank of three, as they are usually set, in Fig.
38. Trom these sections it will be observed that they are 12 feet 6 inches in diameter and 30 feet in length. The
vapors rise into a dome 3 feet in diameter, from which they pass to the condenser through a single pipe 15 inches
in diameter. No more simple form of still could be devised. The so-called cheese-box still, now in great repute,
is shown with the setting in horizontal and vertical section in Ifigs. 39 and 40. It is 30 feet in diameter and 9
- feet high, with a dome-shaped top, and works 1,200 barrels of crude oil. The bottom has a double curve, to allow
of expansion; the sides are of five-sixteenths-inch wrought-iron and the bottom of five-sixteenths-inch steel,
the whole inclosed in a shest-iron jacket. The center is supported upon a eylindrical pier of brickwork, through
which the products of combustion are led to the stack. The circumference is supported upon seventeen arches, in
sixtcen of which are fireplaces, the sides of which converge toward the center and discharge over a bridge-wall
through four arches into the center of the pier just mentioned. Through the seventeenth arch passes the discharge-
pipe from the Lottom of the still. The vapors escape from this still through three pipes, two of which may be
closed by cocks, into a sort of chest or drum (Fig. 41}, from which 40 pipes 3 inches in diameter pass through to
the condensing tanks, Steam is introduced into the heated vapors as they escape from both the eylindrical and
cheese-box stills by placing a curved and perforated pipe of the form shown in Fig. 42 at the point where the vapors
emerge from the still and enter the exit pipe. The use of steam in this manner is found to improve botli the color
and the odor, especially of ¢ cracked oils”.

Several attempts have been made to produce continnous distillation; but I carnot learn that any of them have.
proved commercially suceessful, although an apparatus of the kind erected in Buffale has been put in operation
and distillates have been prodnced that were treated and sold. This apparatus was patented by Samuel Van
Syckle, of Titusville, Pennsylvania, May 22, 1877, No. 191203. It consists of a series of stills, in which the oil
is maintained at a constant level by means of a tank, in which a float on the surface of the oil as it rises and falls
automatically controls the flow. The first still i3 maintained at snch a temperature that the naphthas and other
light products are removed, and in the other two the illuminating oils are removed so effectnally that residaum
may be drawn off from the last still. I think this apparatns should be more thoroughly tested before its merits arve
finally judged, especially as to how far its value is modified by complexity and expense of manipulation,

Amnother apparatus, evidently much more simple in construction than Van Syckle’s, but at the same time not
caleulated for handling the enormous quantities of oil refined in this country, has been patented in Germany by
Herr Fuhst, (@)

The deodorized lubricating oils, of which Mr. Joshua Merrill, of the Downer Kerosene Oil Company, was the
inventor, have been prepared by him in a still of peculiar construction, especially adapted to the treatment of
petrolenm and kindred substances. An accident suggested the preparation of these oils to Mr, Merrill. In

a Dingler, cevii, 203,
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November, 1867, the condenser to a still, in which a quantity of oil too heavy for illumination and too light for
lubrication was being fractionated, became obstructed from some accidental cause, and the pressure became 80
great that the leakage caused the fires to be drawn and the whole thing to cool down. The still was started with
900 gallons, from which 250 gallons was found to be removed by the partial distillation. .On removing the remaining
oil, Mr. Merrill was surprised to find it different from any petrolemmn product he had ever seen before. *It had a
bright yellow color, was clear, very nearly odorless, neutral, and dense. Further experiment showed this result
to have been oblained by the removal of all the light odorous hydrocarbons without decomposing either the
distillate or the oils remaining in the still; and that this had been accomplished by the moderate fire employed,
and its gradunal withdrawal.” (a)

This mode of operating was 11nmedlately applied to other distillations, and in order to accomplish the result
most effectually Mr. Merrill invented a method of superheating steam within the body of the oil itself. Within
a still of moderate size, holding perhaps 1,000 gallons, he placed a steam coil, which terminated upon the exterior
of the dome of the still, After attaching a valve, the steam-pipe is returned iuto the still and a perforated coil of

- pipe connected with it, which lies flat upon the bottom. The still is heated by direct heat, and as the temperature
rises the steam, as it passes through the first coil, is heated and is distributed through the entire mass of oil as it
escapes from the perforations in the second coil. The steam is regarded by Mr. Merrill as an important adjunet in
this method of fractional distillation, as it acts mechanically by carrying forward the vapors into the condenser,
and also prevents the overheating and ¢ cracking” of either the oils or the vapors.

When the destructive distillation of petrolenm commenced on a large scale, the slow distillation necessary to
effect this decomposition led to an inerease in the size of the stills until the enorinous capacity of 2,000 barrels, or
80,000 gallons, was reached. These immense stills were built without ecovering, were freely exposed upon their sides
and tops to the elements, and were heated by numerous fires, placed at equal distances from each other upon the
circumference of the still, after the manner of the setting of the cheese-box still. These excessively large stills are
not now being used. Refineries lately put in operation are equipped with stills holding about 1,200 barrels each,

Vacuum stills have been used to some extent, and have been ewployed especially in the United States by the
Vacuaum Oil Company, of Rochester, New York, in the preparation of the peculiar products of their manufacture.
Of course the evaporation in these stills takes place rapidly and at the lowest temperature possible, insuring a
fractional distillation, not a decomposition, of the oils.

CoNDENSERS.—Large copper worms, similar to those used in dlstlllenes, were at ﬁrst used for petroleum stills,
These were soon replaced by ordinary iron piping coiled in a cistern or tank of water, and still later very long, straight
pipes were used with advantage inthe nse of water for cooling., Iefinerieslately built are provided with condensers
of moderate length, 50 by 20 by 8 feet, in which there are numerous separate pipes, which receive the vapors at one
end and diseharge the condensed oil at the other. A condenser thus constructed may consist of forfy separate
3-inch pipes, each 45 feet in length, giving an aggregate length of 1,800 feet, the oil and vapors, instead of all
traversing the entire length of 1,800 feet, being divided into small portions, each of which is made to traverse the 45
feet, and is condensed. The ratio of exposed surfdece to cubical content is very much increased by this arrangement
over a shorter pipe of larger diameter. . _

A very convenient arrangement for dividing distillates is shown in the section ime Fig. 43. In this section ¢ is
the 2-inch pipe leading from the condenser, b is a pipe for uncondensed gases leading to the boiler furnace, ¢ is the
trap for holding back the gas, 4 is a wrougbt-iron box with a glass front ¢4, throngh which the flow of oil from the
condenser can be observed. The glass front is on hinges, and can be opened for sampling the oils. From this box
the oil passes into the pipes below, and is directed into one of the openings g, through whicl. it enters the pipe & %,
leading to the storage-tanks for distillate; e ¢ are three-way cocks, and f f ordinary stop-cocks, by which the oil is
directed to one of the six orifices g. By this arrangement, by simply opening or elosing the cocks, the distillate can
be directed to any one of six receptacles and be divided into as many different portions.

Aairarors.—The agitators used at- firsh were swmall tanks lined with lead, in which various mechauical
contrivances were used to effect the thorough mixing of the oil with the chemicals. These lead-lined tanks were
replaced by wrought-ivon ones, and finally the method of agitating by mechanical means has been entirely
superseded by agitation by means of injected air. The agitators in use in refineries lately constructed are high
wrought-ivon tanks of comparatively small diameter, holding several hundred barrels of oil, in which the most
complete agitation is produced by a current of air m_]ected by a blowing apparatus.

Pumrs.—The pumps used in refineries are many of them very powerful.. Thoseused for pumping oil and water
are of the Worthington or the Drake pattern, and consist of an engine and a pump combined. = Some of these pumps
are large enongh to handle 2,500 barrels of crude oil an hour, but the majority are smaller. - In addition, there are
in use small blast-engines or air-pumps to force air into the agitators and into the acid-tanks. The latter are
small lead-lined tanks, into which the acid is emptied from carboys or tank-cars. The acid is measured into the

“agitators by forcing it from the tank into the agitator under pressure of “injected air.

P ACKING.—Manufactured oils of all kinds are distributed to wholesale houses all over the country in tank-cars,

but for the jobbing and retail trade they are packed in barrels and in tin ¢ans. The barrels used at present hold from

a 8. D. Hages, Am. Chem,, ii, 401; C. Cbl., 1871, 783; W. B., 1871,
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48 to 50 gallons, and manufactured oils are estimated at 50 gallons to the barrel. The tin cans contain 5 gallons each,

and are packed in wooden cases, each of which holds two cans. In the larger establishments the packages are filled

by weight, as the bulk of the oil varies with the temperature and speuﬁu gravity of the oil, as may be seen at a

glance at the table accompanying this report (see page 112). The filling of the 5-gallon cans is carried on at a

square, revolving table. Ten cans are closely ranged along one side of this table and brought beneath ten funnels,

which deliver oil to the cans nntil their weight stops off the oil by tipping a balance and closing a stop- cock. The

ten cans are then swung out by givihg the table a quarter revolution. While these cans were being filled ancther

ten cans were placed upon the adjoining side of the table, and when the first were swung from under the funuels

the second were bronght into their places. While the second ten cans are being filled  third set are being placed

apon a third side of the table, and a nozzle, with a cap that serews on and off, is placed in position for soldering
over the orifice through which the first ten cans were filled. The table is atgain swung, the third set of cans are

brought into position, and are then filled; the second set are supplied with nozzles, while the nozzles of the first

get are soldered on and the fourth side is supplied with ten cans. Amnother swing of the table, and the fourth set

are filled, the third supplied with nozzles, the second soldered, and the first removed, and a fifth set is put in their’
places. Several thousand eans can be filled in this manner at one of these tables in a single day.

SmoTIoN 5.——~DESCRIPTION OF AN ESTABLISHMENT IN WHICH THE PRODUCTS ARE GENERAL.

The plant consists of storage-tanks for crude material; stills, heated by fire, steam, and superheated steam;
agitators ; chilling-house for paraffine; boilers, engines, pumps; alaboratory; cooper and tin shop. The crude oilis
delivered in pipes or tank-cars to the general storage-tanks and allowed to settle. From one to two per cent. of water
‘separates. (a) About 300 barrels (12,000 to 13,000 gallons) of this oil ave placed in a still and “live steam”, i. ¢,
at 2120 T, is admitted, and the distillation carried on until the distillate marks 60°B. With crude petrolenm of 45°
B. the amount of this distillate will be from 12 to 15 per cent., divided as follows:

A,

Per cent.
1, ““Crude gasoline”, to 800, aboutb... .. .couie i i it e Neeeemecaaceiseunnanuann ¥
2. 07" naphtha, 80° t0 689, abOME v vmven immcae it it et it aiae emeiaae e me ey aaaan 10
3. “ B naphtha, 68° o 640, about......coviimiamininiioiiaans PN 2 to 24
4, YA 7 naphtha, 64960 600, AbOUb. . oo e i at i ia i h atee e icemtpmsa e icain aeneseuaasan. e 2 to 2§

1 is redistilled by dry heat, and yields from 900 to 83© gasoline, which is not tre(nted 83° to 80° ig returned to
crude gasoline.

21s treated with 4 ounces of oil of vitriol to the gallon and washed with caustic soda, all cold, and then redistilled
by steam from an alkali solution. Its average specific gravity is 709, and it is known in the trade as benzine-
naphtha,
3 and 4 are also treated with aeid and caustic soda. The average specific gravity of 3 is 66° to 66°, and of 4
620, :

There remains in the still from 88 to 85 per cent. below 60°. This is transferred to cylindrical cast-iron stills
with meniscus-shaped wrought-iron bottoms and distilled by direct heat, with 2 per cent. of soda solution of 149,
The distillate is thus divided: . ,

' Por cent.
1. Crude burning oil, from 582 10 400, AbOWE. .. cee teu et it e i it it iasaeaaeans s eaaan 50
2, “B” oll, from 40° to 36°, about. .. .. .o ... _........ fomomt emr e e aa S 20
3. From 36° downward, aDOUWb «eeens oo i e ittt aine e ate aac i ceacaa caerea e, naeennann 206
4, Cokings O LasTdII .« oo s e e it i it i et amee iomees cee i cmanbre oA oaee canacnman.an 3
3 T 2
100

1 is treated with 4 ounces of oil of vitriol to the gallon and iy agitated for half an hour. Itis then drawn off
fromn the tarry residue, and after being washed with water is again agitated for an hour with 2 per cent. of alkali
solution, and is then drawn off and next day washed with a large amount of water, pumped into a fire-still upon a
solution of soda equal to 4 per cent. of 140, and distilled as long as the color is good, the amount usually being
about 80 per cent. This distillate is the equivalent of “Downer’s standard kerosene?, and has a specific gravity of
45° and a fire-test of 1250 F. The remaining 20 per cent. is run above 36° to crude bmnmg oil (B 1), and below

360 to ““finished machinery oil” C, to chill and press for paraffine. ’

2, 4B oil is distilled like 1 on soda lye. Of the distillate, above 36° goes to crude I; below 36° to the

machinery oil C, to chill and press for paraffine. '

a Ashighi as 13 per cent, of water has been obtained from residuum exported to Engl'md Itis ﬁot a legitimate mixtare. C,N,,
Xxx, 57,
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3 goes to crude lubricating oil, and is treated with 4 ounces of acid to the gallon upon water at 2120 F. for one
hour, and is then distilled from a 2 per cent. solution of soda lye. Of this distillate above 40° goes to erude B1,
from 40° to 36° to B 2, from 36° downward, as long as the color is good, to machinery oil C, to cbhill and press for
paraffine. '

4 goes to coking-tanks.

C. ——-\IACIIII\]* RY OIL, 36° AND DOWNWARD.

This oil is tW1ce distilled and chilled in barrels packed in an ice-house for a week with ice and salt at 26° F.
The crystalline magma is pressed in an hydraulic press and yields:

1. Crude scale paraffine (E). , .

2. Pressed lubricating oil of a specific gravity of 329, which is partly sold as “spindle oil”.

3. The portion not sold as spindle oil is placed in a still provided with coils for distilling with steam superheated
within the oilitself. This still is heated with direct heat until the temperature has reached 250 or 3000 ', Steam
is then passed into a coil, which is immersed in the body of the dil, and is then allowed to escape into the oil
through another coil, which is perforated, thus distributing the steam throughout the oil at the same temperature as
the oil itself. Twenty to 30 per cent. of the lighter products, with all those having an offensive odor, ranging in
specific gravity from 50° to 329, are lifted from the still by the steam. Of this distillate, that between 50° and 40°
goes to B 1, that between 40° and 32° to “crude mineral sperm” (D}, and the oil left in the still is equivalent to
“Merrill’s deodorized neutral hydrocarbon 0il”?, with a specific gravity of 29°. To remove fluorescence chromic acid
is used instead of oil of vitriol.

D.—MINERAL SPERM ILLUMINATING OIL.

This is the trade-mark of a dense oil of 36° specific gravity, deprived of offensive odor, and adapted especially
for light-house and locomotive lights, Any crude distillate from 40° to 320 is first treated with 4 ounces of oil of
vitriol to the gallon, then washed with a solution of caustic soda, and distilled by direct heat over soda lye. It
has a fire-test of 3000 I, and but little odor, with a density of 40° to 340, averaging 36°. Below 34° goes to
- machinery oil (0), to ehill and press for parafline.

E.—CRUDE-SCALE PARAFFINE.

The pressed scale equals three-quarters of a pound per gallon of the crude 32° machinery oil from the chilled
mass described in C. . To refine this the crude scale is melted in an open tank by live steam, blown in, with 1 per
cent. of caustic soda lye, from which it is carefully drawn and then well mixed with 25 per cent. of ¢ C” naphtha
and put aside for three or four days in shallow metallic pans in a cold place. It is then again cut, baﬂged and
pressed.

No. 1 parafline stock is remelted in «C? naphtha on alkaline lye, cxys‘mlhzed and pressed thlce suceessive
times, and yields large crystals of paraffine, melting at 130° It

No. 2 paraffine stoek is treated in the same way, furnishing a product of less value in smaller crystals, meltmg
at about 1160 T, and is largely used by chewing-gum manufacturers. The oils expressed go to crude “(” naphtha

7, —COKINGS, SPECIFIC GRAVITY 28°,
These are 1edistilled over a 2 per cent. alkali solution, and furnigh—
20 per cent. above 40° goes to B 1.
15 per eent. 40° to 36°, goes to BB 2
50 per cent. 36° and downward, as long as the color is good, goes to C.
10 per cent. cokings. .

5 per cent. loss,
G,—SLUDGE (RESIDULS FROM WASHINGS).

The waste “acid sludge?, 48° to 500, is perinitted to stand two days, and the oil :usmg upon it is drawn off
(“sludge acid oil”) and the acid chspo&;ed of. The sludge oil is then washed with the waste alkali and pedistilled
separately without fractions, yielding 80 per cent. of oil; coke and loss, 20 per cent. The coke is nsed as fuel, and
the oil redistilled on alkeli and fractioned as crude oil below 600.

H.—AVERAGE PERCENTAGE OF COMMERCIAL PRODUCQTS OBTAINED FROM CRUDE PETROLEUM OF 45° FROM NEW
YORK, PENNSYLVANIA, OHIO, OR WEST VIRGINIA.

Per cent.

GABOLITIB e e e cnveemans ramamecamoaecmcosetaames uaeassmncnmane aesaamans e emeseceesaeneny maaann 1.0 to 1.6
Lo R T 1 T R LT TTLT TS LR PP 10,0 to 10.0
“B* paphtha......... R LT TR e LI TEREEE 2.6 to R.5
“A Y naphtha......... L LT A CLECE YT P R LR RV PR PERITRPPERD 2.0 to 2.5
‘ 16.5

TN AEING 0Tl anen pems v ennoe camsme cnsm seem mamesmeans ehmman mmem cnmmas sbmsenaanaanmraesnenennat D00 TO 54.0
Labricating ofl. . ce oo rane v e e T ) SN 17.5
Paraffine wax =4} pounds per barrel... .. -cocoiiivanens P P RSN 2.0
; 10.0

JiOBR e s - cmmams mmwoanamas ssae e os s aunn amEAmEne emaneARAnaS AENd mman Sne AMEASL s mme s tabane e

100.0
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The oils prepared by this process are all of the highest degree of excellence, and have commanded the confidence
of consumers hoth in the United States and in all other civilized countiies to a remarkable degree. There are
two essential particulars in this process as a whole to which I desire to call attention. All destructive distillation
is avoided so far as is possible, and great care is taken to render the different products pure as regards each other,
and also as regards the effects of treatment. The products are essentially paraffine products, using that word in a
generic sense to designate not only the paraffine wax, but the whole series of compounds to which it is related, from
marsh-gas upward. The finishing of the burning oil by distillation over caustic soda is claimed, and I behew
Justly, to remove all of the substitution compounds of sulphuric acid that are only completely removed even by
solution of eaustic alkali when the oil is heated to a temperature above the boiling point of water. (@)

SnortoN 6.—DESCRIPTION OF A MANUFACTORY WHERE NAPHTHAS, ILLUMINATING OILS, AND
RESIDUUM ARE PRODUCED.

The following desecription is given after an inspection of one of the most complete establishments in the country,
lately constructed and furnished throughout with an equipment of the most improved apparatus :

The oil is received in tank-cars, and an entire train is discharged at once into a 12-inch pipe, which runs the
length of the siding between the rails and beneath the sleepers, connection being made with cocks nnderneath the
car-tanks by union joints and hose. This 12-inch pipe discharges into a tank, from which the oil is pumped by a
Drake steam-pump, handling 2,500 barrels an hour, which throws the oil either to the stills or to the stprage-tanlks,
of which latter there are four, holding 35,000 barrels each. The capacity of this pumy is not required for the storing
of oil, but for the filling of the stills, of which there are nine, holding 1,200 barrels each, Three of these stills are
cheese-box stills, and six are plain cylinder stills, 30 feet by 12 feet 6 inches, the former being set in one group, and
the latter on a bench, side by side, like a bench of boilers. These stills are all covered with sheet-iron jackets, but
are not otherwise protected or covered in any manner. The condensers are made in the manner described on page
163, with a large number of separate strands of pipe, which are immersed in a tank 50 by 20 by 8 feet.  These strands
enter a connecting pipe which emerges from the tank and enters a small building, where the discharge pipes from
the nine stills arc brought together side by side. Tach discharge pipe terminates in a U-shaped gas-trap, and
enters an iron box with a glass front, through which the flow of the oil from the pipe may Le observed, The
arrangement of the traps and the form of the boxes are shown in section in Tig. 43. The gas-pipes from the
nine traps all connect with furnaces beneath the steam-boilers, where the gas, mixed with air, is burned after the
manner of a Bunsen burner. The division of the distillates is effected by means of an arrangement of pipes and
cocks shown in section in Tfig. 43. Each of the nine boxes d (Fig. 43) discharge through this set of pipes, by which
the distillate may be divided into six different qualities. These six different pipes connect undexr ground with the
distillate tanks, which they enter at the bottom, and are sealed by the contents of the tanks. These nine sets of
boxes and pipes are placed in a small building, lighted at night by an electric light, placed upon a pole at some
distance off on the outside. The petroleum is put into the stills, and the crude naphthaistun off. Then that portion
of the petroleumn is run off which is necessary to prepare the distillate for ¢“high-test” oils having a fire test of from
120° to 1500, as may be required, and these latter oils having been run off, the residue in the still is in & condition
for « mackmo 7, The fires are then b]acked and the distillation is run more slowly, a large amount of permanent
gases being' disengaged and burned under the boilers. Until the process of cracking is commenced the amount of
gas disengaged is inconsiderable, so small in amount as to be scarcely worth the trouble of burning; but after
cracking commences the gas generated is nearly sufficient to supply the fuel necessary for the Dboilers. The
distillates are pumped into the agitating tank, which stands by itself, supported on a massive bage of timber. It
is abont 40 feet in height and 12 feet in diameter. Twelve hundred barrels of distillate and 6,600 pounds of oil of
vitriol are placed in this tank. The carboys of oil of vitriol are emptied into an air- -tight, lead-lined tank, which
is closed, and air is forced into it until a sufficient quantity of acid has been driven by the pressure into the 'Wltatm
The agitation is then carried on by foreing air into the agitator under a pressure of from 5 to 7 7 pounds. The acid
being drawn off, the oil is thoroughly washed with water, then with a solution of caustic soda, and lastly with water
containing causti(, ammonid, the treatment with amm oniu being supposed to complete the removal of the compounds
of sulphuric acid. The oil is discharged from the agitator into settling and bleaching tanks, 40 by 5 feet, having a

-capacity of about 1,200 barrels each, throngh a perforated pipe standing perpendicularly in the center. By this
precess, which is called “ spraying”, the oils, particularly those that have been cracked, are brought up to ¢ test”
by the evaporation of the small percentage of very volatile oils that are combustible at a low temperature. These
huge tanks are exposed beneath sky-lights, where the color of the oil is improved by the sunnin g, every particle
of water or sediment settling at the bottom. I'rom them the oil is pumped to storage-tanks in the barreling and
canning house, where it is barreled in glued barrels or filled into 5-gallon cans, two of which are packed in a wooden
case for shipment. Trom the packing-house the barrels and cases are put on board ships that lie at the adjoining

a I have drawn largely for this. deseription upon Dr J. Lawrence Smith in his repmt, on petrolenm to the Plula,delphm Contennial
Exhibition. Rep. Judges of Group III.
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piers. This is the simplest process for manufaeturing petroleum, consisting only of a single distillation; and the
methods employed in the different manufactories thronghout the country are either substantially that just described,
or a combination with more or less of the processes described in the preceding section, or one or more of the special
methods to be described in the section which follows, ' :

SmorIoN 7.—MISOELLANEOUS PROCESSES.

REFINING CRUDE NAPHTHA.—There are several firms whose Dusiness consists mainly in refining crude
naphtha, the larger portion of it being divided into gasoline and C, B, and A naphthas. In 1866 Dr. Heory J.
Bigelow, of Boston, requested Mr. Joshua Merrill, of the Downer Kerosene Oil Company, to prepare the most
volatile fluid possible to be obtained from petrolewm. Mr. Merrill redistilled gasoline by steam heat, and condensed
the portions that came over first with a mixture of ice and salt, obtaining 10 per cent. of the gasoline, equal to
one-tenth of 1 per cent. of the original petroleum, in the lightest of all kmown flnids, baving a specific gravity of
0.625 and a boiling point of 652 F. This fluid was named rhigolene by Dr. Digelow. Its evaporation at ordinary
temperatures is so rapid that a temperature of 19° T, below zero has been obtained by its use. Tive or six
hundred gallons have been prepared by the Downer company for use in surgical operations, but none was prepared
by them during the census year.

A similar material, called eymogen, has Leen prepared in a similar manner by other manafacturers, and has
been used as the volatile fnid in ice-machines, ’

The distillate separated as gasoline ranges in specitic gravity {rom 000 to 80° B,, and is used for the gas-machines
that carburet air, '

¢ 7 naphtha inclndes the distiliate between 80° and (8 B,, and is used for varnishes, sponge lamps, paint, and
naphtha street lamps. It is sold under the name of ¢ benzine”. '

“« 37 paphtha includes the distillate between 680 and 640 B., and is also nsed for varnishes and paints.

« A 7 naphtha includes the distillate between 64© and 60°, and is used in the manufacture of floor-cloths and
patent leather. Below 60° goes to illuminating oil.

Bach ot the different grades of naphtha is deprived wholly or in part of its disagreeable odor by being filtered
through beds of gravel and wood or animal charcoal. ‘

“ MINERAL SPERMY—This is an illuminating oil prepared originally by Mr. Joshna Merrill, of the Downer
IKerosene Oil Company, and now chiefly manufactured by that company, and is obtained by partially cracking
paraffine oils and fractionating the lighter from the heavier products in Merrill’s double-coil still or some similar
contrivance. It has a fire test of 3009 I'. and upward, is an illuminating agent of great power, and is as safe
from ordinary combustion as sperm oil. This oil is used in manutacturing establishments and on ocean steamers,
and is a very suitable material with which to light steamers and cars designed for the conveyance of passengers.
The amount produced during the census year was 16,5644 barrels. . :

NEUTRAL LUBRICATING OILS.—These oils were also discovered by Mr. Merrill, as before described, and their
superior quality soon led to their imitation and manufacture Ly other parties, although that gentleman protected
his discoveries and invention by patent. Sinee the Downer company commenced the manufacture of these oils
the general character of all of the mineral lubricating oils in the market has been greatly improved., The paraffine
oils manufactured prior to this discovery were dark in color and ranlk in odor, but Mr. Merrill produced oils odorless
and tasteless. Tive per cent, of sperm oil mixed with 95 per cent. of Merrill’s nentral oil could not be detected by
either the odor or taste from pure sperm oil. An inspection of the tables representing the articles manufactured
from petrolenm during the censns year will show that 70,465 barrels of paraffine oil are reported, all of which was
greatly superior to the paraffine oil of 1865 ; of deodorized Iubricating oils there were manufactared 70,415 barrels,
These really superD oils are now being introduced into many manufactories by order of the insurance companies.
The value of having a deodorized lubrieating oil can be fully realized when it is stated thut experiments have
shown that when a heavy hydrocarbon containing so little as 1 or 2 per cent. of light offensive oil is employed in a
warm apartment as a labricator of machinery the entire atmosphere of the apartment will be impregnated by the
pungent and disagreeable odors of these volatile produects. Before the employment of these odorless oils this was
a great inconvenience in factories. (a) ‘

Mr. Merrill prepares Iubricating oils by subjecting an ordinary paraffine distillate, from which the paratfine has
been removed by chilling and pressing, to fractional distillation in his double-coiled still, but oils may be prepared
that are similar, though not fully equal, to his in an ordinary still, provided care is taken not to crack them,

FILTERED OILS.—A very superior quality of lubricating oil is prepared by reducing petroleum and filtering
the reduced residue through beds of animal charcoal. The oil is reduced to the proper degree of volatility and
specific gravity and then filtered. These oils sustain a very high reputation, but precisely what relation they
bear in quality to the neutral oils obtained by distillation and treatment I cannot state.

o Loo, cif. Rep. of Judges of Group III, p. 153.
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VA:CUUM OILS AND RESIDUES.—Vacuum oils are also prepared in stills for 2 g‘reatf variety'of purposes.
Those most dense and with highest boiling points are prepared for oilipg the interior of steam ¢ylinders; those
less dense for journals; and a less dense oil is used extensively for oiling .harness and harness l.eather. Very
dense residues prepared in vacuum stills are filtered while hot and very fluid through beds of mutpal charcoal,
the resulting produect being an amber-colored material of the consistence of b‘u.tter and 1.1ea.rly destitute of f)(lo r.
These residues arve largely used as ungnents nunder the name of cosmoline, vaseline, petrolina, et.c. T‘he (.lemlls. of
their mannfacture are difficult to obtain, for the reason that the manufacturers are et}gaged in sults. mvol’w.ng
patent rights to peculiar processes of manufacture and peculiar apparatus for eff.ec.bmg the ﬁltrat'mn, which
necessarily must be carried on at a sufficiently high temperature to insure cou}plgte f.lu‘lchty of the material, These
preparations will be further noticed under the chapter devoted to petrolenm in me‘dwme. o

It is believed that but few, if any, general methods of any importance pursued in the manufacture of petrolenm
have been omitted in this chapter. It isa subject, howover, embracing multitudinous details and carried on under
conditions of great diversity, incident to the location of the business and the peculiar character of the erude oil
used or the products which the manufacturer wishes to prepare.

CuAPTER IV.—PARAFFINE,.

SEcTION 1.—-HISTORY.

‘Wagner’s Berichte for 1869, in an historical notice upon paraffine, says: ‘

The Aderztliche Intelligenzblatt, of Munich, contains the following notice: ‘“The opinion universally held thatthe chemist Karl Freihery
vor Reichenhach, who died in his eighty-first year, of old age, at Leipzig, January 19, 1869, was the first to investigate the paraffinos,
deserves the foellowing corrections or amendments. In 1809 these Lodies were observed by John Nep. IFuchs in Landshnt in the petrolenm
of Tegernsee, and in 1819 Andrew Buchuer, sr,, produced them in a pure state from the oils. Buchner deseribes their peculiavitios
under the name of ‘mountain’ fats, whose identity with paraffine was established Inter (1835) by v. Kobell beyond doubt, Ungualified
werit, however, belongs to Reichenbach as having fivst discovered paraffine in the products of the dry distillation of wood and other
organic bodies.” Reichenbach remains the discoverer of paraffine notwithstanding the fact that, beside TFuchs and Buchner, Saussure
and Mitscherlich investigated a fatty body found in certain petrolenms and tars which after the discovery of paraffine proved to be
identical with this body. In all of these conditions the discourse was upon paraffine as an educt, and not as a producs, Techuology
distinguishes the former from the latter through the name of Belmontin, He who first considered fossil pavaifine can upon no condition
lay claim to the honor of the discovery. In Moldau and in Galicia fossil paraffine has been used for conturies in makin g candles, as also on
the Caspian sea and in the Caucasus, (a) :

It appears from this statement, which is in accord with numerous anthorities, that fossil paraffine has been
known in Furope from time immemorial, and also that paraffine, as a recognized constituent of certain bHodies of
organic origin, was discovered by Reichenbach in 1830, () and named by him from parwm and affinitas, indicating
that paraffine is destitute of chemical affinity ; in other words, that it is neutral, havin g neither acid nor alkaline
properties. In the following year Christison, of Edinburgh, made known his discovery of paraffine in the petrolenm
of Rangoon. (¢} He at first called it petroline, but after learning of Reichenbach’s discovery he admitted its
identity with paraffine. In 1834, Gregory published an article on paraffine and eupion and their oceurrence in
petrolenm, in which he says: : , -

It follows that there are some kinds of naphtha (petrolenm) which -Gontnin paraffine and eupion, and are conséquently the results of
~ destruetive distillation. (@)

In 1835, Kobell independently mentions paraffine as a constituent of petrolenm. (¢) In 1833, Laurent showed
that oil distilled from shale in the environs of ~Autnn contained paraffine, ( 5 ‘ ’ '

Although Reichenbach distilled coal in considerable quantities, and had at his disposal the resources of the
mmense establishment of ¢ mines, iron furnaces, machine-shops and chemical works, ete.,” on the estate of Count
Salm at Blansko, Moravia, of which he was superintendent, he canuot be said to have produced paraffine on
commercially successful basis. Tlis work was performed by Selligue, whose inventions formed the foundation
apon which the technology of coal-oil and petroleum has been built. The following digest of the labors of Selligue
is taken from the review of Dr. Antisell’s work on photogenic or hydrocarbon oils by Professor F. H. Storer: (g)

i In 1834 we find for the first 1ime an gviicle describing the process of Selligue, (h) althongh it would appear from the statements of
this chemist and of others that his attention had Dbeen directed to the subject of distilling bituminous shales several yoears earlior,

4 W. B., xv, 709, 1869, e Jour. f, Prak. Chem,, v, 213.
b Jour, filr Chem. u. Phys. von Schweigger~Seidel, 1330, lix, 436, J dnn. de Chim. et de Phys., Yiv, 392.
¢ Traus. Ray. See, of Edinburgh, xiii, 118; Repertory of Patent g Am, J. 8., xxx, 1860,

Tnyentions, 1835 (N. S.), iii, 390, k Journal des Connaissances Usuelles, Dec., 1834, p, 285 : Dingle
tra s ‘ ' ‘ ' 1‘
d Ibid., xili, 124 ; Ibid. (N, 8.), iv, 100, 1vi, 40. ’ PR RS Dhngler,
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* * * In1834,'35, and '36 Selligue wag principally occupied with his process for making waler-gas. () * * * In the following
year we again find Selligue before the academy, requesting that body to appeint a committes to examnine the merits of his new system of
gas-lighting ; hisprocessof distilling bitwninous shales on the great scale by means of apparatus, each one of which furnishes from 1,000
to 1,400 pounds of crude oil per day—this being about 10 per cent. of the weight of the shale employed, and being almost all that exists
in the raw material; also of his process of separating various products from the crude oil, some of which ave applicable to the prodnction
of gas, others to ordinary purposes of illumination, and others to different nses in the avts. (0) This petition was referred to a committee
of three, Thénard, D’Arcet, and Dumas, who reported in 1840. (¢) * * *  In 1838 Selligue obtained & new patent * for the employment
of mineral oils for lighting?, (@) which, it should be observed, claims only to be an improvément upen that of Blum and Moncuse. * * *
On the 27th of March, 1839, Selligue specifies certain additions aud improvements to the preceding patent. In alluding to the use
of his oils in the treatment of cutaneous diseases he speaks of the three large establishments for the distillation of bituninous shale which
he has erected inthe department of S8adne et Loire, and mentions the fact that the oil (crude) is furnished at the rate of about 2 cents (10
centimes) per pound. (¢) * * * The clearest of all Selligne’s specifications, however, is that of the patent granted him Mareh 19, 1845,
for the distillation of bituminons shales and sandstones. (f) After deseribing the various forims of apparatus used in distilling, into one -
of which superheated steam was introduced, he ennmerates the productsof distillation as follows: 1. A white, almost odorless, very limpid
mineral oil, somewhat soluble in aleohol, which may be used as a solvent, or for purposes of illumination in suitable lamps. II A sparingly
volatile mineral oil of specific gravity 0.84 to 0.87, of a light lemon colov, perfectly limpid, almost odorless, never becoming raneid, and
suscoptible of being burned in ordinary lamps, of constant level (b réservoir supericur), with double current of air, s slight modification
of the forin of the chimney and burner being alone necessary. This oil can alse e mixed with the animal or vegetable oils, Oils thus
prepared do not readily become rancid, nor do they congeal easily when subjected to cold. 1II. A fat mineral oil, lignid at the same
temperature as olive oil. This oil contains a little parafline; it is peculinrly adapted for Iubrieatioy machinery, un(l has an advantage
over olive and other vegetable oils, or neat’s-foot oil, in that it preserves its unctuosity when in contact with metals and does not dry up.
. It saponifies easily, and forms several componnds with ammonia. IV. From the oils I, 11, and III T extract a red coloring matter which
can be used in various arts. V., White crystalline paraffine, which needs but little treatment in order to be fit for making candles. This
substance does not oecur in very large proportion in the erude oil, and the proportion varies according to the different mineral substances
upon which I operate. 'There is but little of it in pebrolenm and in the oil obtained from hituminous limestone. T often leave n great
pavt of the parafine in the fat oil and in the. grease, in order that these may be of superior quality. VI. Grease. This grease is superior
to that of animals for lubricating machinery and for many other purposss, since it does not become rancid, aud remains unctuous when
in contact with metals, VIIL, Perfectly black pitech—very *drying ”—suitable for preserving wood, metals, ete. VTIL An alkaline soap
obtained by treating the oils with alkalies. IX. Sulpbate of ammoniz. X. Manwre prepared by mixing the ammeniacal liquor or the
blood of animals with the crushed fixed residue (coke) of the shale. XI. Sulphate of alumina from the residue of the shale. In describing
the methods of puritication proposed by Selligue we shall make no attempt to follow their various details, our limited space compelling
us to content ourselves with only the broadest generalities. Selligue sets forth at Jength two metheds: '

lat. A cold treatment, which consists in agitating the oils with sulphurie, muristic, or nitric neid. This agitation should be thorongh,
he says, and should be continued for a longer or ghorter time, according to the nature and guantity of the matter treated. Here followsn
description of his agitators. After several hours repose the oil may be deconted, except from muriatic acid, in which case more time and
a larger amount of acid is vequired. After the oil hins been thus separated from the deposit of tar, the acid remaining in it must be
neutralized by menns of an alkali, * I prefer,” says Selligue, *to employ the lye of sonp-boilers marking 36° to 389, sines it is easy of
application and produces a sure effeet. I thus precipitatoe together the eoloring matter and the tar, which would otherwise have remained in
the oil. The oil is then decanted; if it is the fivst distillation of the crude oil; I do not allow the mixture to subside entirely, preferring to
leave a portion of the alkali mixed with the oil and to distill off only three-fourths of the latter. * * ¥ When the soda Iye—in quantity
slightly greater than is necessary to noutralize the acid—is added, the liquid must be agitated violently, in order that each particle of the
oil may bo brought in contact with the alkali; and this ngitation must be continued until the color of the oil undergoes change. The oil
hocomes less odloroua and less highly colored after each suell ¢ cold treatment’, After having been allowed to separate from the lyo, the
o0il is decanted off; if it has not lost much of its color ihe process has been badly conducted, It must be stated that the oil must not be
agitated several times with the alkali, for by so doing tho dark color of the oil wounld be restored. * * * Asfor the residucs of the
godn treatment”, continues Selligue, “ they should be allowed to stand at rest during some days beneath a portion of oil, which will
protect them from contact with the air, The clear lye ot the Lottom being then drawn off muy be used for other operntions, while the
remuinder is o soap containing excess of alkali, By udding to it a little grease a soap can be made, or by adding water grease may be
soparated, This grease issimilar to that nsed for wagons.” '

2d, A worm treatment that follows the cold, and consists of n series of fractional distillati ons——specml opemtnons for the purification.
of the “light stuffs? boing resorted to. TFor the details of these wo must refer to the original specification of Selligue—a truly classical
doewment—which shonld ha rend by every one interested in the manufacture of coal-oils (or petrolenm). () * * *  As for paraffine,
Selligne obtained it by subjecting the oil to o low temperature, in order that this substance might crystallize. The mixed oil and paraffine
wag then thrown on fine metallic filters, through which the oil flowed while the parafline was separated. Or one may separato the oil, he
says, by imbibition, but this oceasions a great loss of oil, and also requires more labor.

These successive patents, extending over a period of about fifteen years, show not only that Selligue was a
complete master of this department of technology, on the general principles of which but little improvement has
since been made, but also that, prier to 1845, this industry had become important and extensive in France.

In England no commereial importance appears to have attached to the paraffine-oil industry until 1850, when

James Young and his asqoomtes, Messrs. Bmuey and Meldrum, established the extensive worlks atb Bathgate, from

. o See 7 patents in Hrevels d’Ifnmctwn, lxx, 69 Ot these patents two nre dated 1834, two 1835, and three 1836, For a deseription of
his process of gas-naking, see also Bul. .Soe. & Bncowragement, Ocb,, 1838, p. 396, or Dingler, Ixxi; 29.
‘ b Comptes-Rendus, 1838, vii, 897,
¢ Ibid., x, 861, Dingler, L\\vii 137.

-d Br cwts @' Invention, 1xviii, 395,
¢ Comptes-Rendus, ix, 1405 dnn. der I’]zm-maem, v, Wihler u. Liebig, xxxii, 123,

" f Brevets @Invention (N. S ), loi du 5 Juillet, 1844, iv, 30.
g A tolerally accurate English translation of ﬂns important patent: mmy be found in the specification of A, M. B. B. Du Buisson,

1845, specification No. 10,726 of the English putent office.

Al
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the success of which has followed the Scotch paraffine and mineral-oil industry, which, in 1878, produced from 800,000
tons of 2,000 pounds each of shale 30,000,000 gallons of crude oil. Trom 8,040,000 gallons of this oil wags made: (a)

Value.

500,000 gallons maphtha. .o eo . oo i i e e et e e e e ﬁgg, ggg
4,000,000 gallons burning oil .ovooiiaaevmn o iiae, et i maasmemas semeee e eaae s e cnae s

1, 035, 000 gallons heavy oil _ 0

200, 000 gallons medinm 0l ...coeeeariinnonna e reeeeeeeeaaens ereeettenanaicaaa (l;g’ 8(0)0
71 /55 4T U AP o

Sulphate of ammonia, 82 per cent. products.............. Veanen e e memema e eamamaieeneae e, caan -e-e 23,000

543, 000

Specific gravity of the Maphtha. . e, o ore ot e e e e e s 0. 72?

Specifie gravity of the lamp-oil.........oco oo il N 0.805

Specific pravity of the Meditm . cu. o on oo e s et e e e e e e e s 0. 840

Stcer1oN 2—~SOURCES OF CRUDE PARAFFINE.

Ornde paraffine is found fossil in Galicia, Roumania, the Caucasus, the neig]'.lborhoqd of the Uzm‘spia‘n sea, and
in the Sanpete valley in Utah. In all of these localities, except the last, it is found in a form.atlon that )‘flel-dﬂ
petrolenm and also contains paraffine. Paraffine is also a constituent of a large majority of the different vamet.les
of petroleum found upon the earth’s surface, and also of the asphaltums that occur in injected veins, such as alber'tlta,
grahamite, and the asphaltum of Cuba. As a product of destructive distillation paraffineis obtained from all kincls
of bituminous coal, shales, lignite, peat, wood, and animal remains, provided the distillation is conducted at wn
sufliciently low temperature.

The fossil paraffine or ozokerite of Galicia is principally obtained in Boryslaw and Stanislow in the Miocense of
the foot-hills of the northern slope of the Carpathians; also at Slanik, in Moldavia, near mines of rock-salt and coal.
In 1875 the amount prodnced in these twolocalities was about 44,000,000 pounds. The “ earth-wax” occurs partly
in regular beds and partly in pockets, from which it is obtained in small pieces or masses of several hundred pounds
weight, The Leds containing the mineral are reached by shafts from 130 to 260 feet in depth, from which the
exploitation is carried on by tunnels, as in ordinary mining. These shalts generally pass throngh gravel and bowlders
from 25 to 30 feet, and then through blue loam and plastic clay. In this clay, at a usnal depth of from 140 to 150
feet, the *“ earth-wax 7 is found in layers of from 1 foot to 8 fect thick, the purest being of a honey-yellow color, an«l
of the hardness of common beeswax. Much of it, however, is in small pieces, which must be separated from the
gangue, the smallest pieces being obtained by washing. The purer qualities, on being melted, yield a prime “cartlz-
wax”, which is manufactured into “ceresine.” The poorer varieties are dark-colored, some of it being soft, containing
petrolenm, and some of it being hard like asphaltum. These poorer qualities are nsed for the manufacture of paraffine.
Rarely pieces are found which are very compact and as hard as gypsum, fusing above 1000 C., and, like many
specimens of petroleum, are dichroic—dark-green in reflected light and pure yellow in transmitted light.

As stated above, the crude ozokerite is separated from the gangue by melting and worked into paraffing or ceresine, The ¢ trying **
is effected either Ly direct fire or bysteam, In the former case, the ozokerite is placed in iron kettles about one and one-half meter in
diameter by one meter in height, melted, drawn off, and the residue boiled with water, when all the ozokerite will'rise to the surface of
the water. In the latter ease the melting. i3 done by steam in the same manner as with paraffine or stearine, and needs no further
deseription. The  tried ” ozokerite is clarified by allowing it to settle for several hours and then poured into iron molds. It is shippod
in this form, without any further packing, in pieces weighing from 50 to 60 kilograms (110 to 130 pounds). There ave principally two
kinds of commereial ozokerite, prime and second. Prime “wax” ought to be as fres as possible from earthy impuritios, and in small,
transparent, greenish-brown to yellow pieces; the lighter in color and the more transparent the better it is, ¢ Second wax” ig davle
brown, almost opaque; oceasionally confaining a great deal of earthy impurities, and is gensrally mueh softer than the prime. Both arce
used in the manufacturs of either parafiine and llaminating oils or ceresine. The manufacture of parafiine from ozolkerite is effectod by

distillation over direct fire from iron Tetorts with flat bottoms containing from 1,500 to 2,000 pounds., The produet of the distillation
are; (b) ) .

. Ter cent.
Benzine.. ... R R L LT T S 2t 8
NAPUEDA oot e e 15 to 20
Paraffine.. ... ..o i L e e e et e e e e et e caeaas 36 to 50
Heavy (lubricating) oils.. ................... e e e 15 to 20
Cokeueronnaan . T e e e e e e “eaeen 10 t0 20

The paraffine is pressed, treated with sulphuric acid and caustic soda, filtered through paper and fine animal chareonl, and made into
candles. The naphtha is purified in the usual way, and the heavy oils are sometimes subjected to fractional distillation, but mostly
shipped as such to Vienna., The manufacture of ‘“ceresine” consists of the removal of the impurities from the “earth-wax” by the aid
of sulphuric acid and animal chareoal; but only the best kinds of ozokerits ave used., The different processes are kept secret, and are also
protected by patents, In general the ozokeriteis melted with concentrated sulphuric acid, and the residue from the manufacture of yollow
prussiate pressed, treated again with prussiate residue and filtered. - One hundred Parts good prime “earth-wax” yield sixty to seventy
parts white wax, which in its properties very closely resembles white beeswax, and is called ¢ ceresine”. It is either further purified by
Tepeated treatment with acid and prussiate residue, or colored with gamboge or allcanet, and thereby made to resomble common beeswax,

o Hibner's Zeitschrift, 1879, 12 5 W. B, 1879, 1170, : ' : h
5.This is manifestly a eracking process, and it isevidently a somewhatrude method of treating suek a valuable substance. Distillation
by steam would be much better. ’ ‘
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In the manufacture of ceresine only sulphurous acid and press residues are obtained, the former of which escapesinto the air, but might
be utilized, thus reducing the cost comsiderably. The consumption of sulphurie n,cul in Boryslaw alone ig said to amount.to 2,200,000
pounds a year. The ]nussmte residues are obtained from the lixiviation of the crude prussiate in Moravia. Comparatively only a smmll
quantity of earth-wax is worked in Galicia, and is shipped principally to England, Moravia, and Vienna, The ceresineis exported in large
quantities to Russia, where it is sold as beeswax, a little of which is melted with it in order to impart to it the characteristic odor,
Good ceresine is hardly to be distinguished from beeswax. Thoe best method isthe following: 1. Ceresine is nob as easily kneaded between
the fingers and becomes brittle more readily than beeswax, This test is, however, doubtful if the sample is a mixture of the two. 2.
Ceresine is scarcely atfacked by warm concentrated sulphuric acid, whereas beeswax is completely destroyed by it. By this test the
quantities of beeswax and ceresine can be determined in a mixture of both. In many cases ceresine ¢an be employedin place of heeswax.
It is sold at $32 to $40 per 100 ‘kilogrammes (16§ cents per pound) in Vienna, whereas the price of the commercial earth-wax varies
from $10 to $12 per 100 kilogrammes (5 cents per ponnd). The whole exploitation of the ozokerite is in the hands of the Jewish
population, (a) i

The ozokerite deposits of Utah have not yet been worked sufficiently to demonstrate their importance. The
crude material is of about the consistence of paraffine, and is of a jet black color, and furnishes, when purified,
pure white paraffine.

The question whether pamiﬁne is or is not a constituent of petrolenm has been widely discussed. I am not
prepared to assert that crystallizable paraffine is a constituent, ‘I have seen crystals of parafline in petrolenm
that came from the wells of the Economites opposite Tidioute that I had no reason to suppose had ever been
heated, or, in faect, manipulated in any manner, except to be put into barrels; yet I cannot positively assert that
such was the case. Amorplhous parafline is certainly a constituent of many petrolenms, and is readily obtained
where petrolenm is carefully distilled until the residue has the consistence of paste when cold, The amount of
reduetion necessary varies with the source of the petrolenm used. A sample from the southeastern border of
the Pennsylvania petroleum field was of an amber color, and of ncarly the consistence of honey from suspended
paraffine, The oil of the Bradford field is remarkable for the amount of paraffine it contains as compared with
other oils of the Pennsylvania region. This peculiarity occasions a great deal of trouble with flowing wells, as
the pipes become clogged with paraffine so completely as to stop the flow of oil. This is no doubt in part oeeasioned
by the fractional condensation of the paraffine in consequence of the extremely low temperature produced by the
rapid evaporation of the more volatile portion of the petrolenm when it is relieved from the enormous pressure to
which it is subjected in the rock. This extremely low temperature, which has been kuown to plng a well with ice
and to produce ice under the sun of a hot summer’s day, evidently condenses the paraffines having the highest
melting point, and allows those more fusible to remain dissolved in the oil. () As regards the praetical working
of petroleum, it is of little importance whether the paraffine is an eduet or a produet, for if the paraffine is not
already a constituent of crude petroleum, the heat required for distillation develops it. The amount of paraffine,
however, that any given sample of petrolenm contains or will yield is a matter of the greatest importance if the
ernde oil is to be made into illuminating oils. The ernde oils of Butler and Armstrong counties are much more
valuable for that purpose than those of McKean county, because they contain more of the members of the paraffine
series of the proper speecific gravity for illmminating oils and less of the dense, heavy oils and solid paraffine that
have to bo cracked before they can be used for illnmination.

In 1849 a Mr. Reece obtained a patent for distilling paraffine from Irish peat, and works for its production
were established near Ashby, While the method of treating the peat was entirely successful, the enterprise, on
account of the small amount of material it was capable of yielding, was a commercial failure. It i3 proper to
state herve, however, that acetic acid and ammonia, as well as parafine, were expeeted to be obtained in commercially
valuable quantities, The following statement will give an idea of the proportion of these articles yielded by the
peat. On the first distillation the peat yielded:

Per cent.
Watery mabters ... .. ... e e imad s eeeiieea e aaaas tmrm—. A SRR | N (1 1
B < e e te et et et e a4 e memaeee ameeaa e e maaa mea e mas e e e eeua A s mnae anaa e aeenan 2, 392
GHOBOE v oo cemnniimaes camem i cee nmene s . e am et acmuerenmeme amaaeeanas Creme s caee e 62.392
ABheB viier i Cemmmaiiamennan “raemacnnanann wevmeanan meemnmiistiansimmenaseanianaennnaan e 4,197
99, 595
The watery matters and tar yielded:- '
Per cent.
S 0 015 1 7D MU ¥ 1< 4
1) ST I 0.207
B I S £ (4
Volatile produets «oceueoneoona D amareaeananas N 1. 059
Y Y g o O PR (A .31

a J. Grabowsky, <m. Chem., vii, 123; Hiibner’ S'Z., 1877, 83. ,

b Various methods have been suggested for removing this parafine from the pipes. It is only slightly soluble in benzine, and neither
acids nor alkalies abtack it, and other solvents are equally incffectual. Metallic mercury hias been nsed, which must act mechanieally
by its weight. A plan to burn it out of the pipes by supplying a stream of oxygen has heen recommended, but what degree of success,
if any, ttended its use [ have not learned, The most common method pursued in the oil region is to pull up the pipes and blow out the
plug of paraffine with steam, The pipes are often found plugged solid for hundreds of fect, :
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Fifty tons of peat yielded 125 pounds of paraffine, an amount too small to admit of a profitable enterprise. (@)

The peat of Hanover yields more than 300 pounds of paraffine to 50 tons,

J. J. Beitenlohner gives the following results of the manufacture of paraffine from peat-tar. The locality

of the peat is not given, nor is the amount of tar yielded:

By fractional diatillation: ‘ Per Sent_
Crade and chemically combined oil... oo rvmummocnemrramirmaunaceceane R e TP TR PPN 35,3
Crude Paraffine iD MASS ... . ocreevmanmr o am o e dame am s oo e nas it o s mas l{g 2
COKE e cee ceecvsccacasemumasamcss sasrme mnamcbes mRse memcem oo essacesesssELes neseEs Ener ey e 6, 4
(BOS cv e e necee cmmccssocnsscnsssas smocns tamun W semmes sevesstMOEBL Bevmes semme- msemasocuee cseicacceuam e e ae _—1
100, 0
The results of the purification of the paraffine with sulphuric acid and lye are: P et
N ' T conf.
PATABING ..o ooomeer smmaes fomane £oos e o nne e eeea s o el e looliinniisties e 76.3
1,088 1y BUIPRUTIC BT co e e et e e e e e e e el et s e e e s 12,9
U088 T0F 1F0 oo oot ie e met e semeee eaae e e e e e meeene e atnaeeacseeeneaseaaes f) 4
Loss by washing..--cv -ont oo g heee e seneeeteaany e eaaan ,2._]:
# 100. 0
The paraffine thus obtained is subjected to distillation, the result being: . )
. er cent.
T8 e e v e e emsmeonismme crcmemcemaesasene. tevann caaan e naanae ewmeaaans seen et uuer e —ean nana s 25.5
PATAMNIIC - ove e e e e esmsa samsos semacn mmmeaonn e e amadaramaeeenscsnearresetrensnananas nacsnnnensne 00, D
COI0B « o it sremessrcnrcssnasas thumuasovaes snmmenanemay raas mean o e maecasaseedsmsessbescannman 2.6
GAB evee sonevncaaoceecussscrasnssmsnnncn e e eeme meeemmeeeemee aaes soms e caceie enaseansseannesy shan e naun 5. f
100.0
The paraffine is then refrigerated and pressed, and from it are obtained :
TPer cent. Por cent.
. in winter. in summer.
OB, - eseauee e arace s aa sama meae o camamas ceee e aes amesaumeusame e aaaaaane . 1.6 18,2
01 S U eree.. 5.8 78, ¢
B )T S P,  ameme e mercccmet e meue nannn . 3.1 3.5
100. 0 100.0

This paraffine is then digested in fuming sulphurie aecid, but remains soft and unctuous. () The distillation

eﬁ*idenﬂy cracks it.

In an elaborate research upon the products of the dry distillation of Rhenish shale and Saxony and Thuringian.
brown coal, I, Voll gives the following table, showing the comparative value of shales, brown coal (lignite), and

peat as sources of paraffine: (¢)

Raw material. @ %’-E’h i;’é & % § éig" Raw material. f.,g & Eg ?d £ :'é '% "; E
, Pz lgsEsl B | B | 825 TRgigsEs E | B | 5248
A~ RT & 4 1o AT T & < =]

Shale: P. cent. f P.cent. | P, cent, | P, cent. | P, cent.]| Brown coal from—Continued. P. cent, 1‘ P. cent, | P, cent., | P. cent. | . cent,
English... .cooooeviviiiaiii oo} 24,285 | 40.000 | 0.120 | 10.000 | 25,595 Harbke, No. Teerii ininvianennnn, 16, 556 | 11. 111 | 8.55656 | 22,222 47, 536
From the Romerickeberg mine...; 25, 688 \ 48,000 | 0,110 | 12,030 | 19.166 Hurbke, No, XL .ooiiestiniianeoan, -16. 666 1 1L765 | 2,941 1 20, 000 48, 627
From Westphalin..... ..........] 27,500 | 13.670 | 1,113 | 12.500 | 45.800 ; Stockheim, near Diiren....,.......:| 17,500 | 26,630 | 8 260 | 16. 000 24. 710
Trom Oedingen on the Rhine. ... 18.333 | 88.833 | 5.000 | 13.333 | 25.001 | Bongherg, near Gologne. .....o..... 16,360 110,535 | 8.403 | 13,173 47, 401

Brown coal from-—* . { | Peat from— . ) |
Asgchersleben, No, I......oeuen... 33. 500 I 40,000 [ 3,330 | 18.100 | 5,070 [0 T 34. 400 i 36.000 | 8,010 | 11. 540 8. 850
Aschersleben, No. XT............. 20,500 ' 43,600 | 6.510 | 10.567 | 0.823 CobULE « oot ciiaivinn e aean vemaes 20, 6256 ' 26.578 | 8,125 | 17.180 82, 482
Frankenhausen .. - -...| 83,410 }I 40,063 | 6,780 { 17.321 | 2.47¢ DAMIMEG cevviiiionirenrmnirnnennnn.. 19. 457 ' 10,547 | 85.816 | 17.194 <0, 4806
Miinden. ....... .1 17,500 ; 26,213 | 5,063 | 18.679 | 82. 545 Neuenhaus, heavy.. 17.983 | 19,640 | 5.860 ; 16. Q7L 40, 946
Oldisleben . ...vvemvvaeeenane... 17721 | 26.600 | 4,450 | 17.526 | 83.722 Nouenhaus, light ... 14,068 | 18,280 | 5.209 | 18.750 | = 43, 748
Cassel, Ko. X .oooaaniniiiiioo.] 16,428 J 27.142 . 4,286 [ 14,200 | 37. 853 Zuriel coveiii i .| 14,4001 8.600 | 0.424 | 42,424 35, 086G
Cassel, No. I oeveerconncvvnnnnnnn 16, 606 | 21,052 | 5,263 | 18,168 | 48. 855 Russia (Rostokina, near Pagjkina)..| 20, 800 | 20,380 | 3,367 | 25.058 230,105
Bavaria (von der Rhon).......... 10,025 | 19.375 | 1,250 | 18,000 | 51. 850 Bottross, in Westphalin............. 11, 000 | 190.489 | 2.266 | 26. 000 41, 2656
Tilleda. .o oo eviiinnciaia e 16.666 | 18,055 | 4.444 | 11.111 | 49,722 Nouwedel, Prossia......... R 14,180 ‘ 18.266 | 8.102 | 28. 260 30, 243,

! .

* These ‘“brown conls'’ are lignites, nearer peat thah coal.

a Frederick Field, J. 8, A., xxii, 349, 411; Am. C,, v, 169.

b Jour. de UEclairage e, Gas, 1372, No. 5, Am. C., ii, 315, ¢ 'W. B., iii, 459,
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The paraffine oil industry of Scotland has already been noticed. Ifs present suceess, notwithstanding the low
price of petroleum products, is mainly due to the heavy oils and paraffine produced. While I cannot indorse all the
claims that are made for Mr. Young as the first inventor, as the process which he patented corresponded to that
used by Selligue many years before, there is no guestion that he deserves the credit of having placed the paraffine
industry on a solid commercial basis in Great Britain at a time when the discovery of petrolenm in such vast
quantities in Canada and the United States would seem to have rendered such an undertaking impossible.

At the date (1860) at which petroleum was first an article of commercial importance, paraffine and paraffine oils
were being produced in the United States and Great Britain from the so-called Boghead coal, albertite, and
grahamite., together with several rich cannel coals. The deposits of the three minerals above mentioned have been
worked out. The last establishment in the United States using anything but petroleum was the Union Coal and
Oil Company, of Maysville, Kentucky, which was operated upon the rich cannel coal of Cannelton, West Virginia, on
the Great Kanawha river. It ceased operations in 1867. The deposit of Boghead mineral was worked out in 1872,
since which time the extensive paraffine oil works of Seotland have been run on shale. On the continent of Burope,
in Saxony, Thuringia, and Austria, an extensive and very valuable industry is conduneted with shale and brown coal
as the raw material, In the United States, beside our deposits of cannel and bituminous coals of enormous extent,
we hiave thousands of square miles of shales that will furnish millions of barrels of distillate for use after our 200,000
square miles of petrolenm fields shall have been exhaunsted.

SEorI0N 3.—PREFPARATION OF PARAFFINE.

The preparation of paraffine from petrolenm has already been described on page 165, and the treatment of the
crude oils distilled from shale or coal is substantially the same, with the exception that more sulphuric acid and more
numerous distillations are employed. While crnde shale oils and petroleum are very similar flnids, the sbale oil is
much more impure and more expensive torefine. Distillation and treatment with sulphurie acid and soda lye are,
with some variation in the details, the methods upon which the technologist in paraffine must rely. The subsequent
treatment of the crnde paraffine scales is suhject to considerable variation, and an article quite variable in its
properties is the result. The ordinary method of purification consists in dissolving about 2,000 pounds of ernde
paraffine in 80 gallons of “ 0” naphtha by heat, refrigerating in shallow metal pans and pressing; but this method is
attended with considerable loss of naphtha, and some danger from accidental ignition, To obviate this a process
wag invented for treating the paraffine cold, by which it was either pulverized and then dissolved in naphtha,
or the cake and naphtha were ground together into a paste and then pressed. After this grinding and pressing has
been repeated a sufficient number of times, the solid wax is melted in a still with steam blown in until ne naphtha
comes over with the condensed water. Trom 3 to B per cent. of animal charcoal is then added, and while the mass is
kept melted the charcoal is allowed to settle. As the finest particles of charcoal remain diffused through the wax,
the whole is filtered hot through a wire-gauge filter, which is lined with flannel and filter paper, the flltrate
passing as colorless as distilled water. (@)

The use of these successive solutions in naphtha is to remove the fluid oils from which the paraffine first
crystallizes, which are more readily soluble in the naphtha than the paraffine itself. My, John Fordred in 1871
sought to acecomplish the removal of these oils by kneading the paraffine with or in a slightly alkaline solution.
After melting and eclarifying & ton of paraffine and casting it info thin cakes of about ten pounds each, these
cakes are placed in a bag, end to end, and warmed until they become plastic. The bag is then placed in a kneading
maching, whieh is supplied with a solution of equal parts of soft scap and water at a temperature of abont 1000 I,
On setting the machine in motion the oil and coloring matter are dissolved in the soap solution. Solntions of
carbonated and caustic alkalies, both alone and mixed with soap, rosin soap, and even warm water itsc1f, are found
to answer the purpose. (b)) Another patent clains economy in operation and safety in the use of material. A tank
12 by 6 by 24 feet is provided with partitions, which separate it into V-shaped cells, 24 inches wide at the top
and 2 inches wide at the bottom. These cells are 1 inch apart, and start ¢ inches from the fop of the tank -
and stop 2 inches from the bottom. A grating is provided, that rests upon the top of thé cells, the bars of
which are 14 inches apart. Tree or closed steam-pipes are placed in the bottom of the tank, and water is filled in
to adepth of 6 inches. Crude paraffine is filled into the cells and the grating secured to prevent its floating. Water
is then run in until it rises to within two inches of the top of the tank, and steam is turned on until the temperature
reaches within 100 of the melting point of the paraffine being treated, when it is turned off and the entire mass
i allowed to become of a uniform temperature. Steam is then again turned on and the temperature very slowly
(through at least 4 hours) brought to within 2° of the melting point of the paraffine, when the soft portions that have
risen.are skimmed off. The water is then drawn off to the top of the cells and the paraffine is melted and allowed
to cool slowly through the night, when the operation is repeated. This is continued until paraffine is obtained
‘of the required hardness, while the soft portions are returned to the crude paraffine. The hard paraffine is then
melted with 7 per cent. of powdered commercial ivory-black in a steam-jacketed pan for four or five hours, until the

o Patent of Ed, Meldrum; No, 1646, 1867. . b Patent No, 1858, 1871,

[l
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- whole of the ivory-black is precipitated, when it is drawn off and cast into cakes. (@) Another process requires the
paraffine to be clarified by settling and being cast into cakes, which are allowed to cool very slowly, in order that the
crystals may form of large size. The cakes are then placed on tiles or other absorbent material and heated nearly
te their melting point. The fluid and easily fusible portions are melted and flow from the erystals and are absorbed
by the tile. This process may be repeated as many times as may be desired, and the paraffine may then be bleached

with bone charcoal or by any other means. (b)
By whatever method the paraffine may be freed from the fluid and the fusible impurities, it is not white, and is

afterward subjected to a bleaching process. Omne method has already been described; another requires that the
melted parafiine be agitated in a tank bya current of air with from 5 to 10 per cent. of strong sulphuric acid, care
being taken to remove the sulphurous acid evolved by a snitable ventilating apparatus. This agitation is carried
on for several hours, until the experience of the operator shows the treatment to be sufficient, when the tarry mass
is allowed to subside through several hours. The still slightly-colored paraffine is then digestéd with animal
charcoal, thelast traces of which are removed by filtering through a steam-jacketed filter. The apparatus by which
this filtration is performed is thus described by L. Ramdohr in Dingler’s Polytechnic Journal, 1875 :

After paraffine has passed through all other stages of the purifying process, it must finally be decolorized by means of charcoal. 'The
uge of a permanent filter (eines stehenden) filled with granulated charcoal is not to be recommended for many rcasons, ‘

The filtering process must take place at a temperature of not less than from 70° to 80°; the filter also must be hented with steam,
which, on account of the large dimensions, would require inéommodious and expensive apparatus, But particularly against the use of
granulated charcoal stands the fact that a greater part of the paraffine is retained by the charcoal, which can only be partly collected
again through burning of the coal, which always is united with a considerable amount of decomposition (products) of the paraffine. But
paraffine is so valuable that its manufacture cannot suffer such a great loss in material. Consequently the decolorization of paraffine
takes place in a much simpler way with a fine, pulverized, and, where it is possible, freshly-heated charcoal, which usually hecomes mixed
with the paraffine by agitation with a wooden mixer, and the greater part of it thereupon very quickly settles to the bottom.

The fine particles of coal, notwithstanding, remain suspended o long time in the fluid paraffine, and arve even not entirely removed
after a day’s rest, so that the paraffine must be completely cleared by filiration through paper. Paraffine that is not filtered is of a
smutty gray color. In most of the paraffine manufactories I have found the arrangement of filter paper to be very primitive, and the
mixing apparatus separated or divided by the filtering apparatus, so that & continuous scooping over of the paraffine to be filtered upon
the filter and a continnous addition of the latter was necessary. Conseguently,Igive the following deseription of a mixing and filtering
apparatus constructed by me, which I have used in two instances many years with the best results. ‘ ‘

This has the following peculiarities in its arrangement: 1. Themixing of the paraffine withbone-black doesnot take place by the hgnd
or through a mechanical stivring contrivance, but through a warm current of air previously blown into the apparatus, 2. The paraffine
treated with bone-black flows of ifself into the filter paper placed in a glass funnel, and after the influx has onee heen regulated the
control of the entire apparatus by the workman is searcely anything at all. Even if at times less penstrable paper should accidentally
be placed in the filter, this, from the attention on the part of the workman, cannot easily cause an overflow of the paraffine, while the
greater or lesser penetrability of the paper is easily observable during the first half hour by the regulation of the inflowing stop-coclk,
and this must be considered by the workman. 3. The whole apparatus is heated by waste steam. 4. The mixing and filtering apparatus
occupy little room, and, e. g., 5 hundred-weight of paraffine can be easily mixed and filtered in twenty-four hours,

In Figs. 44 and 45 ave illustrated: A, The mixing apparatus. B, Thefiltering apparatus, The steam first enters the fil tering apparatus,
and then passes through the mixing apparatns into the open air.

The mixing apparatus A consists of a wrought-iron chest, with a turned cast-iron flange, covered with ivon coment, in which are three
openings for the admission of three cast-iron mixing-kettles. Theso kettles are fastened to theflange of the steam-chest by a fow serews, in
order to prevent any displacement which an insecurity of the discharging vessel would eause. The kettles, with the steam-chest, are
rendered stear-tight (der dampfdichte Abschluss des Kessels) in the sixaplest manner by a band of rubber placed beneath the rim of the
kettle.

About 75mm ahove the deepest partsof the hottom of the kettleis cast o support 25m= wide, of such alength that it, with its forward
end provided with serews, projects through the tin face-plate of the steam-chest, perhaps 23mm wide, At this point about 3mm thickness
of tin is strengthened by a disk fastened by sunken rivets and of 15™™ thickness, and provided with four bolt-holes for the reception of
serew-tacks.  Yrom the outside o flange is tacked upon the end of the kettle support that is provided with serews, and by underlaying -
with hacked hemp and intimately mixed red-lead cement against the solidly-built face of the steam-chest is so placed that the four serew-
holes in tho flange correspond exactly with those of the opposite inner disk. After thisflange is firmly drawn the end of the ketble support,
which is plainly burned off or polished, shall project over the flange 2 to 3mm,  Now, four screw-tacks, which are supported by a six-angled
truss, are brought into four serew-holes, which are at hand to receive the same, and rdrawn firmly and steam-pront against the outer flange,
- and each kettle support is provided with a 25m™ wide vast-ivon stop-cock. In the distribution of crnde paraffine, and, above all, where
prepared paraffine is to be filtered, this invention applies equally well, as it completely sonks through several layers of uviform unsized
paper by the avoidance of all cements, . ’

It is recommended to provide the surfaces turned upon the lathe with fine circular grooves. Inthe lower porfions &f the steam-chests
lie six pieces of thinly-drawn crude copper plates (without soldered edges) which are contrived after the manner of tho tabes of locomotive
boilers, and are so joined ovutside of the chest by cast-iron knees that they form a long pipe or hose, heated by steam, in which the air to
be used for the mixing of the charcoal and paraffineisheated. The exit of this pipe stands diagonally over the mixing boilerin combination
with a running tube or siphon, which, through the middle of the boiler, Teaches almost to the hottom of the same, being sent off from the
copper pipe through a stop-coek in diminished size. It is self-evidentthat the main pipe for the warmed air from the steam-boiler is to be
protected from cooling. . ; :

. The filter apparatus.B consists first of two polished chests, partially within each other, with a common frontwall, ' The latter also will
not be touehed by the steam, and this arrangement will rest or touch entirely upon the ground, in order, on this side, where the workman
ia busy for the most of the time, not to have a too strongly heated surface, and to make the real filtering apparatus as comfortably aceessible
as possible. Otherwise, wero there here a double wall filled with steam, then certainly this must be protected from a too strong radiation
of heat by a strong wall built in front 120mm thick, and this would detract from the service of the filtering apparatus, Beside, the.

a Litehford and Nation’s patent, No. 890, 1872, b Hodges’ patent, No. 3241, 1871,




THE TE H\TOLOGY OF PETROLEUM. ‘ 175

arrangement chosen ingures a cheaper and simpler construetion. Then the greater extent of surface ean be made impoermeable to melted
and heated paraffine only with the most extraordinary difficulty (and perhaps not at all); but all loss of paraffine by incompactuess or
insecurity is to be particularly avoided, so the inner filtering chest to serve for rhe reception of paraffine must be made of cast-iron in one
piece,

The attachment of the steam-jacket is simple and plainly shown in the drawing. The hottom of the east-iron filtering chestis inclined
toward the front, and at the same time from hoth sides toward the middle; at the deepest point there is an exit tube, with stop-coek for
the drainage of the prepared paraffine. In the interior the filtering chest has a projecting brim of perhaps 50nms hreadth, which on the
rear wall, and at the same time on both sides, serves for the formation of gteam space, Upon this cdge rest 8 picees of wronght-iron filter
supports, each of whieh is capable of receiving two glass filters; thus there are 16 {ilters arranged in rows always in operation. The funnels
are made of glass, because it more easily preserves the imbsolutely necessary cleanliness then if they were made of white tin, One need
not fear the destruction of the glass if there is the proper amonnt of foresight shown on the part of the workman, Inabout twelve years
there were scarcely one or two broken by me. . In the midst of the filtering chest, along its length and 60 to 60m™ above the glass funnels
of the paraffine-distributing pipe, there is a pipe 40mm wide, closed at both ends, communicating through three supports with the
corresponding terminal stop-cocks of the mixing kettles, and connected to both sides with eight small cast-iron stop-cocks of 4mm width
attached to o wrought-iron pipe. The small stop-cocks are serewed on, and for this purpose small pieces of wronght-iron have been placed
with hard solder in the proper places on the distributing pipe. )

The mouths of the snall stop-cocks do notlie perpendicularly over the middie of the filter, but are nearly in the middle of a side, in
order to prevent the perforation of the filter-point by droppings. The paper used for filtering is o thin, hut tolerably firm, unsized
pressed paper; it is broken after the mauner of bent filters. A sheet 45 by 37%™ (one 40 by 40™n would be more convenient) makes o
a filter that will serve comfortably for the filtration of about a hundred-weight of parafine,

When working day and night I have always had the filters renewed aftor using twelve hours, The very little paraffine that remains
in the paper is recovered,

It i recommended 1o surround the warm, radiating surface of the mixing and filtering apparatus with a simple and appropriate non-
conductor. This is attained by inclosing the apparatus, and only the front wall of the filter chest is provided with g wooden jacket for
securing an isolated stratum of air,

Tho covering of the apparatus is not shown in the illustration, in order not to interfere with its clearness ; likewise the conveyance of
the water whicl falls down from the steam in both apparatus (and which forms in the best of steam spaces) is not noted, since their
position dopends entirely upon local surroundings.

Finally, a word concerning the restoration of fresh bone-blaclk and the treatment of that which hus been used. It is-known that the
fresher charcoal is the more encrgetically it acts. In very large paraffine factories it is uged on this account to prepare it from the coal
itself, and by use it settles.

Comparatively speaking, very little can be restored with profit, as it is used even in the largest parutﬁne factories. In a business of
less extent one will easily see from this that it is at least unprofitable to buy the powdered preparation of coal from the charcoal faetories,
becanse one receives with it in most cases smub and dust from the sifted granulated charcoal, and has not the slightest gnarantee for the
quality and freshness of the preparation., Ihave always, on this account, secured from a neighboring charcoal factory the small quantity
of 100 kilograms of freshly prepared granulated and dnst-free chareoal and allowed the pieces of coal to be immediately reduced to a fine
powder for use in & simply constructed pulverizing cylinder {in ¥igs, 46 and 47). If one has not a charcoal factory in the immediate
viciuity, and has not the certainty of obtaining the granulated coal entirely {resh at all times, then it is well worth the while to buy the
pieces of coal in larger quantities and to allow the same to be thoroughly heated in kettles again, previous to the usa of the coal which
has heen just pulverized,

Tho pulverizing eylinder (Figs. 46 and 47) is made of cast-ivon (750™™ long and 500m™ in dinmeter) and revolves withriveted wronght-
iron pegs in corresponding metallic holes in the facing ; in the surface of the jacket or cover there is an apening for filling and emptying
made close with gum. The oylinder is revolved best in slow revolutions (at most but two torns per minute). Within the cylindor there
lies another massive cagt-iron eylinder 120mm in diameter, with a length equal to that of the drum. In twelve hours an apparatns of this
gize will pulverize perhaps 25 kilograms in the finest manner. These dimensions can be considerably inereased without disadvantage.

The bone-black I have mostly used in quantity, not over 3 per cent. of the weight, and the paratfine retained by the same amounts to
about the same weight, This silt from the powdered coal and paraffine is first heated together in o thick-walled kettle with return steam,
whereby & greater part of the paratliine is separated into a clear ]iq uid, whieh is scooped up with a shallow ladle and placed direcfly upon
the filtexr paper.

The silt which has become thin is put in & large iron kettle, in which it, with the least quantity of water (from six to eight pavts),
is thoroughly cooketl out over an open five and under an active stream of steam, which is used from time to time. By the cooling of the
mass almost all of the paratfine separates upon the top of the water ag a firm bub gray-colorad layer, which is teken off, melted, and
filterod through the paper with the other materials. A repeated boiling of the silt is seldom necessary, and this second oporation almost
never pays, beenuse of the costof the fuel in obtaining the paraffine, The powdered coal still so obstinately retains a verysmall percentage
of the paraffine that this must be driven off by heating the coal, if the latter is to be again used as a decolorizer, or even if it s tohe
useful in the manufacture of acid phosphate of lime—superphosphate.

With this viow I cause it to Le thoroughly heated in an inclined cast-iron retort of about 2= to 3™ long aud 800™™ wide, and cross-cub
almost elliptically, which is provided with an appropriate receiver for the condensation of the paraffine vapor, (This vapor ucver
remains even at ihe lowest possible melting point of paraffine undecomposed, but yields parafline of a low-melting point and oil as the
product of decomposition). The paratfine that has been boiled out in shallow wrought-iron chests of perhaps 12m™ height and 1 length,
whose bottom conforms to the form of theretort, and both of whoso sides have small and appropriate stop-cocks, is passed into the retort;
and after the ensuing evaporation of all the paraffine (which is instantly known by the cooling of the disehargo pipe of the retort) during
the heating is left therein four to six hours long for the partial cooling.

Then the cast-iron chests, of which two nre placed behind each other in the retort, are taken out and immediately covered with an
appropriate tin cover, which is averywhere made close by a covering of clay, and the heated coal-dust is left standing therein until it lms

become perfectly cooled, -
The taking out of the retort, the putting on and sealing of tha cover, must take place as guickly as posmble, in order to prevent the

partial reduction of the coal to ashes. (a)

a Dingler, cexvi, 244,
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Powdered fuller’s-earth, marl, clay, or any similar substance, mixed with melted paraffine and allowed to subside,
will deprive it of color, and fhe 1nraﬁlne adhering to the subsided particles may be separated by heating with steam
and agitation. () The successful use of these natural, insoluble silicates led to experiments upon the use of
artificial silicates of the alkaline earths. TFor this purpose silicate of magnesia was found to answer all requirements
best. This material is formed by thereaction of solutions of sulphate of magnesia and silicate of soda, the resulting
silicate of magnesia being thoroughly washed and dried by steam heat. It is then added to the melted paraffine,
and after it has subsided and the parafiine has been drawn off the residue is treated with dilute sulphurie acid.
When the paraffine separates and rises to the surface the silica is precipitated, and the solution of sulphate of
magnesia lies between them. The paraffine is removed, the solution of sulphate of magnesia is washed from the
silica, and the silica is dissolved in caustic soda. It'willthus be seen that the material is continually renewed with
the addition of sulphuric acid and caustic soda. (b) Itis found in using these silicates, whether natural or artificial,
that & red heat destroys their action, and also that they must be used at such a temperature that the water of
hydration is expelled, the coloring matter apparently taking its place. Hence, if the silicate is applied at a
temperature only a few degrees above the melting point of the paraffine, it will have no action upon it until the
temperature has been raised above that sufficient to expel the water. (¢)

Another method which has been suggested for the removal of the oils from the soft paraffines consists in
melting them with from 5 to 10 per cent. of oleine and cooling and pressing. Paraffine is insoluble in oleine. The
mineral oils dissolved in oleine are separated from it by distillation, the former distilling at 2200 C. and the latter
at 2800 O, (d) Bisulphide of carbon has also been used for this purpose. (¢)

Although great efforts are made by all manufacturvers of paraffine to prepare the wax of a beautiful pearly
whiteness, it is a well-known fact, particalarly among the manufacturers of continental Europe, that this freedom
from color is not permanentfor a long period. It is probable that paraffine obtained through the careful distillation
of petrolenm is purer and less liable to change than that made from distillation of shale or brown coal. Paraffine is
often colored for candles and other purposes. As the beautiful colors produced from aniline are insoluble in
paraffine, they are first dissolved in stearine, and the stearine is then melted into the paraffine; the color can be
recovered, however, by melting the mixture and passing it throngh a filter, Two per cent. of stearine will give a clear
pink eolor, and 5 per cent. a full crimson. Blue may be obtained with indigo, red with logwood, green with the two
_ mixed and also with indigo and saffron, orange with logwood and saffron, and yellow with saffron. These colors may
be readily incorporated with the mass by grinding a small piece of the paraffine with the color and then working it
into the mass while hot. (/) To color paraffine black it is recommended that the wax be digested with the fruit of
the Anacardium orientale, which contains a black fluid vegetable fat that combines with the paraffine and does not
injure its illuminating properties. : ‘

* - 1

SEorION 4.—PROPERTIES OF PARAFFINE,

0111(1@ fossil paraffine from Galicia is brown, greenish, or yellow, translucent at the angles, with a resinous
fracture. It is usually brittle, and when softened can be kneaded like wax, becoming dark on exposure to air.
It becomes negatively electric and exhales an aromatic odor with friction. It melts at 66° C. (1490 F.), but its
illuminating power is such that 7564 ozokerite candles equal 891 of ordinary paraffine, or 1,150 of wax. In 1871 M
John Galletly examined a paraffine from Boghead coal which melted at 80° C. and had a boiling point near the red
heat, and which therefore preseénted great difficulties in the way of determining its vapor density. Distillation
appeared to convert abouthalf of it inte liquid hydrocarbons, but the portion that remained solid after crystallization
from naphtha retained its melting point unaltered. This specimen followed the general rule that paraffines from
different sources diminish in solubility as the temperature increases at which they melt. The following illustrates
this point:

|

Solubility in 100
Melting point, o.c. of benzole
at 182 C.
Deg. O. Grams.
350 133.0°
49.8 - 6.0
52,8 4.7
65.5 1.4
80.0 0.1

a Fordred, Lamb & Sterry’s patent, No. 610, 1868,

b Smith & Field’s patent.

¢ Frederick Field: On the Parafine Industry, J. 8. A., xxii, 349; Am, Chem., v, 169.
. & P, Wagerman, Poly. C. Bl,, 1859, 75.

¢ E. Allan, Dingler, cxlviii, 317; Poly. C. Bl., 1858, 1033.

J Eng. Mech,, xxiii, 259,
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Although only one part of the paraffine melting at 809, dissolved in 1,000 of benzole at 18° O, it mixes with
it in all proportions above its melting point. The densities of paraffines appear to increase with their melting points,
but with specimens having the same melting points it'is somewhat difficult to obtain the same results

The following are numbers obtained with paraffines from Boghead coal: (a)

q

’ Melting point. | Specific gravity.
Deg. C. ‘ ,
32.0 0. 8236
39.0 0. 8480
40,5 0. 8520
53.8 0. 9110
53.8 0. 9080
G8.0 0.9243 -
§9.0 0. 9248
80.0 0. 9400
a

In 1878 E. Sauerlandt examined the relation of the melting point to the specific gravity of paraffines from
ozokerite with the following results: ()

Melting point. | Specifio gravity.
Deg. 0.
56 0. 912
11 0. 922
o7 0, 927
72 0,035
78 0. 930
82 0, 948

Saunerlandt separated his paraffines by using solvents.

Sulphurie acid attacks all the paraffines, provided the temperature is sufficiently high, It is further observed
that this acid more readily attacks the paraffines with high boiling points than those the boiling points of which
aro lower. The carbon separated from the paraffine melting at 80° O, by the action of sulphuric acid is in so fine
a state of division ag to pass through filter paper. Chlorine and nitrie acid both produce substitution compounds
with many specimens of paraffine, but the produets are by no means uniform. (¢)

It is not an infrequent occurrence to find samples of paraffine mixed with stearic acid and stearic acid
containing paraffine. As these mixtures are made legitimately, and also for purposes of adulteration, it therefore
Decomes necessary to determnine their constituaents, Any attempt to determine the constifuents of such a niixture
by determining the density would of course be futile, as the density of neither parafiine nor stearic acid is constant.
R. Wagner hag proposed the following method, which may be used either qualitatively or quantitatively: Not less
thau § grams of the mixture are taken and t1eated with a warm solution of hydrate of potash, which must not be
too concentrated. A soap is formed with the stearie acid, while the paraffine remains unaltered. Saltis then added
until the soap separates as a soda soap and takes down the paraffine with it. The soap is thrown on a filter and
is washed with cold water or very dilute ethylic alcohol. The salt is first washed ouf, and then the soap, finally
leaving the paraffine on the filter, which is dried at a temperature below 35° C., care being taken not to fuse it.
The paraffine is then carefully dlssolved from the filter with ether by repeated W'Lshmgs and the solution carefully
. evaporated in a weighed porcelain crucible in the water-bath at a low temperature. The residue, consisting of
paraffine, is then weighed, and the stearic acid estimated by difference. (d)

L. Donath saponifies the mixture with potassa and precipitates with calcium chloride. The caleium soap ix
washed on a filter with hot water and dried at 100° C. TPart of it, after powdering, is extracted with petrolenm
ether, the extract evaporated at 100° and weighed, when the residue represents the paraffine. (¢) :

The most approved method of determining the melting point of paraffine consists in throwing a chip of
paraffine on hot water and allowing it to melt. Then the water is slowly cooled, and the temperature is nored af
which the globule of paraffine loses its transparency.

It has been found impossible in the amount of time that I have been able to devote to this portion of the
subject to call attention to all of the great number of specific investigations that have been made upon parafiine,
and the difficulty of attempting an exhaustive discussion of the subject is increased by the obscurity of the
nomenclature. Paraffine in the United States and in the languages of continental Burope is used to signify the
solid hydrocarbons obtained in distillates made at low temperatures, but in England the word has been given a

a Chemical News, xxiv, 187, d Ibid., xxvii, 16,
b. Hiibner's Zeitsohrift, 1878, 81 ; Dmgler, coxxxi, 383, : ¢ Dingler, coviii, No. 2, dm. Chem., iv, 196.
o Chemical News, xxiv, 187.
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much wider signification, it having been applied to all of the fluid produects of such distillation belonging to the
marsh-gas series (O Hanye). It appears to me probable, however, that among the solid products to which this
name is applied there are to be found the higher members of the series O H,,, ag well as the series C My, 4, the
original substance to which Reichenbach gave this name belonging to the latter series. Among other facts which
lend strong support to this opinion is the readiness with which some of the paraffines are attacked by reagents,
forming substitution compounds, while others are, true to their name, nearly destitute of affinity. A. G. Pouchet
acted on paraffine with fuming nitrie acid and obtained an acid which he called paraffinic acid. Analysis of this
acid, and also of its salts, showed its composition to be C,H;0,, which indicated that the paraffine had a
composition CpHy. (@) The proof seems equally convincing that the paraffine melting at 80° C. examined by
Galletly belonged to the series CyHa,. It is therefore to be concluded that the opinion advanced as long ago as
1856 by Philipuzzi, that commercial parafiine may be separated into a number of bodies differing in boiling points,
is correct, and that definite knowledge regarding the constitution of paraffines from different sources awaits further
investigation.

Ouaprer V.—SUBJECTS OF INTEREST IN CONNECTION WITH THE
| TECHNOLOGY OF PETROLEUM.

SzorIoN 1.—“CRACKING.”

The importance of that reaction which has been technieally termed ¢ cracking” scarcely admits of exaggeration.
To assert that it is essentially destructive distillation, and that the results of its action are oils of decreased density,
the decrease dependent upon the extent to which it obtains action, explains neither the nature of the reaction nor
the importance of its effects, In the elaborate report upon petroleum made by Dr. J. Lawrence Smith to the
judges of the Centennial Exposition he claims that the phenomena attending the destructive distillation of petroleum
were first observed by Professor B. Silliman, jr., and noted by him in his famouns report of 1855. (b) Professor Silliman
says: ‘

The uncertainty of the boiling points indicates that the products obtained at the temperatures named above were still mixtures of
others, and the gquestion forces itself upon us whether these several oils are to be regarded as educis (i. e, bodies previously existing
and simply separated by the process of distillation), or whether they are not rather produced by the heat and chemical change in the
process of distillation. The continued application of an elevated temperature alone is sufficient to effect changes in the constltutlon of
many -organie products evolving new hodies not before existing in the original substance.

‘When consideration is had of the knowledge possessed by chemists concerning petroleum and similar substances
at the time Professor Silliman made this unique and original investigation the above paragraph is properly regarded
as remarkably sagacious and suggestive. No one in 1865 knew whether native petroleum was a homogeneous
fluid decomposed by distillation, as are fixed oils, or a mixture of a great number of fluids separated by distillation,
as it really is. Professor Silliman’s question remained unanswered until Pelouze and Cahours, and later Warren
and Storer, attempted to ascertain what manner of substance petroleam really is, Warren and Storer published

_their results in 1865, (¢) and showed that they had succeeded in isolating, in a state of purity, portions of the members
of three homologous series of hydrocarbons. Two of these series were isomeric, but the boiling points of the
correspending ‘members of the two groups were about 8° C, apart. Professor J. D. Dana has regarded these
hydrocarbons as educts, and has placed them in his system of mineralogy in their proper place as natural, not
artificial substances. - The fact that they have been isolated in such a degree of purity that considerable quantities
have been obtained having a constant boiling point, a constant chemical composition, and furnishing aceurate
results on the determination of their vapor densities, furnishes all the testimony that chemists can reasonably ask
regarding the question whether they are educts or products. The analogy found to obtain between these constituents
of petroleum and those of the distillates from albertite, Boghead mineral, cannel coal, and lime soap made from
menhaden oil has been considered by some chemists to indicate that, whereas the constituents of these distillates
are the constituents of products of destructive distillation, petroleum must be destructively distilled ‘in order to
furnish them. Might not these ungquestioned facts be_ so interpreted as to regard petroleum itself as a product of
destructive distillation, and the similarity of these fractional distillates be also regarded as an additional proof
that all of these products of a similar process, acting on similar materials, are very complex mixtures of compounds

a C. R., 1xxix, 320; J. C. 8., xxviii, 50. b Am. Chem., ii, 18, ¢ Mem. A. A. (N. 8.), ix, 135; see ulso‘jmge b4,
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of carbon and hydrogen that are related to the petroleum as educts, and not as products? I think all of the phenomena
connected with this subject are most satisfactorily explained upon this hypothesis.

I quote the following paragraph from the paper read by A. Bourgougnon at the meeting of the American
Chemical Society, held September 7, 1876: (a)

During the distillation the products are more and more heavy until the heat produced decomposes the oil in the still; then the oil is

dissociated, and by this dissociation, or “ecracking”, lighter and also more inflammable products are obtained. At the same time this
) decomposmon is accompamed by a formation of carbon, which is deposited in the still, and gases of a very offensive odor pass off with
the oil.

This is the first instance that has come under my notice in which this very proper term (dissociation) is applied
to this reaction. The phenomena of dissociation are constantly observed throughout the entire range of technical
and seientific operations. ITven marsh-gas, by a sufficiently high temperature, is resolved into hydrogen and the
carbon of the gas retorts; the coal is resolved by dissociation, at a red heat, mainly into marsh-gas, coal-tar, and
coke; at a less elevated temperature into those hydrocarbons homologous with marsh-gas, ranging through all of
the paraffine series from marsh-gas to solid paraffine wax, leaving a residue of coke. At the temperature required
for this last operation a small percentage of another series of hydrocarbons homologous with ethylene appears, but
none of the benzole series that characterize coal-tar. “It has been observed that the schistoils of Buxitre-la-grue
and of Cordesn do mnot contain benzole and naphthaline, because the distiller purposely works at too low a
temperature”. (D)

Antisell, in Photogenic Oils, page 45, says:

The tendency of destructive distillation isto produce compounds possessing more simplicity of composition than the original
substance, and capable of sustaining the higher temperatures at which they form unaltered ; so that, under the range of temperature
indicated (300° to 2732° I,), liquids will be formed when the temperature is least, as at the commencement, and gases when the heat has
arisen to the high point set down; and as in the lowor ranges, where liquids are produced, the effect of this augmented heat within this
lower rango is to lessen the complexity of the compound by dropping or reducing its amount of carbon or of hydrogen, it-is at the very
lowest temperatures that the liquids containing the highest number of atoms of carbon and hydrogen will be found; and when the
temperature arises to that essential to the formation of gas, this gas (a carbide of hydrogen) is produced at the expense of the complex
liquids formed at first, which give off some carbide of hydrogen, and thus have their proportions simplified. .

If then, as has been agsumed in these pages, petrolenm is the product of the destructive distillation of pyroschists
at the lowest temperature possible, it naturally follows that the paraffine series, from marsh-gas up to solid paraffine,
would form the bulk of the educts of petroleum. This opinion is confirmed by all that is known either by
technologists or chemists concerning the proximate principles that are the normal constituents of the Paleozoic
petrolewms found on the western slope of the Alleghanies; and it is doubtless to this fact that they owe in large part
their great superiority over the petroleums of other localities, because the paraffine series of compounds contain
the largest proportion of hydrogen as compared with the carbon of any series known to chemists.

Now, when these compounds of the paraffine grounp are subjected to temperatures above their boiling points,
they are dissociated, and the researches of Thorpe and Young upon the distillates of paraffine wax under pressure
have shown that they are not decomposed into the lower members of the same series, but into the olefine semes,
the proportion of the paraffine series being comparatively small. The significance of this discovery lies in the
fact that the olefines contain less hydrogen in proportion to the carbon than the paraffine group, and ih combustion
produce a less brilliant and luminous flame; henee it is to be inforred that while “cracking” will convert a large
1)er(,ent'10*e of petroleum into illuminating 011 the oil will be inferior in quality just in proportion as it consists of
cracked oils. The statement that has been made, that the present process of manufacture ¢ takes the heart out
of the petroleum” for high test-oils and leaves an inferior residue for the ordinary 110° oil is not without some
foundation in fact; but it is not true as a general statement, for the amount of material existing in ordinary
petrolenm suitable for the production of high test-oil is estlmated at 10 per cent., while the whole amount of
illuminating oil is about 70 per cent. Manifestly, then, the manipulation of the petroleum is a matter of great
importance to the copsumer of these oils. The manufacturers of reduced petroleum and of high test-oils prepare a
strictly paraffine oil from the educts of the petrelenm, and convert the remainder either into an 110° oil by “cracking”
or into paraffine oils and wax by careful fractional condensation. The 110° oil produced by cracking alone would
be much inferior to the same grade of oil produced in an establishment where the bulk of the pe.troleum Was
converted into an oil that consists of both educts and praducts of the distillation.

Tluminating oils are classed and sold as * Water White”, ¢ Standard,” and ‘Prime?, accordmg to their color.
The oils belonging to the paraffine series are neutral, inert oﬂs, not readily acted upon by chemical reagents, and
not readily forming substitution compounds. Sulphuric acid removes from such oils the small percentage of
unstable oils which they contain and leaves them colorless and limpid or “ Water White”. With the standard and
prime oils, consisting largely of ¢cracked?” oils, the case is wholly different, as they contain members of the
olefine group which form substitution compounds with sulphuric acid with great readiness. These compounds are
not readily destroyed by solutions of caustic alkali, and therefore remain in the oil. These oils blacken when
heated to 2000 F., and discharge sulphurous acid (SO,). When burned, they cause the wick to coat and discharge

a dAm. Chem., Vii, 81. b Chemical News, xxviii, 22.
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sulphurous acid with the products of combustion. This is abundantly demonstrated by the researches of the
German chemist, J. Biel, (¢) in which he compared oils manufactured from Russian and American petrolenm with
results shown in the following table:

Snocif con of THE COMPABATIVE ILLUMINATING
Varitics examined. gmf’fic% ot T‘%}fﬁﬁ‘{&ﬁ Flashing | Tuluming | Teacnooor| Buming | mooyy o, FOWER AT
gom, | gem, 128, Tdem,

. Afillimeters.| Deg. O. Deg. O. Per cent. | Percent. | Per cent.

Standard . e ttnsasisssieascecssanmns 0. 705 160 26 39 14, 40 45. 80 39.7 7 3,36 1.36 0.80
217 21 Y A 0,783 5 48 61 2,20 87. 80 10.0 7 4.50 3,00 1.36
Tmperial....ccuee- PP mmeanaas 0,789 13 44 46 6, 50 80, 00 14.0 7 6.00 3,00 1.36
Ruasitn O covenvrnencimiietiinciaccnann 0. 803 201 26 . 20 33. 50 686,60 ..., 7 6.26 4.45 3.70
RusSian A . coeeeecniiiiiincrrerinnanen 0. 817 73 28 30 15.40 73.20 10.5 7 5. 20 4,00 3,00
Russion B ........ L 0, 822 45 30 85 12,80 78.30 8.4 7 5.70 3.20 | 1.5
Russlan C . evcrvrcmnncecriosrcaiceisnunas 0.821 05 25 26 15,25 71,25 13.5 b PR PN (A

I presume the Tmperial oil is an oil manufactured in Germany from crude American petroleum. A comparison
of these results shows the great superiority of the Asfral and Imperial oils over the Standard. (b)

Because these oils, eracked by one distillation and necessarily imperfectly eracked and finished by treatment,
are of inferior quality, it is not, however, to be concluded that cracked oils cannot be made of superior grade.
The earliest practical application of destructive distillation to the manufacture of illuminating oil was made by the
late Luther Atwood, of Boston, Massachusetts. He patented the product and apparatus for obtaining it in 1859,
and the process was placed in operation by Mr. Joshua Merrill, of the Downer Kerosene Oil Company, before
petroleum became an article of commerce. Mr, Merrill treated thousands of barrels of heavy oil, purchased
from those who could not work them often at as low a price as 10 cents a gallon, and cracked them into burning
oil of 459, whieh, at that time, was readily sold at from 90 cents to $1 40 per gallon. The Downer company have
worked this process ever since and have made more or less eracked oil, but they work at low temperatures with
steam, and have never made their burning oil with one distillation. Their oils are highly finished products, and the
very high reputation that they have always borne is a sufficient guarantee of their excellence. There is really
upon the market a great variety of illuminating oils prepared from petroleum, some of which at double the price
are cheaper than others, without regard to either their appearance or their safety.

An experimnent was made in Boston some years since, which, while without results of practical value, confirmed
the views stated above. It was assunmed that by cracking naphtha permanent gases would be obtained, and the
attempt was made to convert the naphtha into a mixture of marsh-gas and hydrogen by injecting steam into a
vessel filled with the volatile liquid, The result was so far successful as to produce a considerable amount of
permanent gases, and on evaporating the naphtha remaining a residue of heavy lubricating oil was obtained. (¢)

Paraffine oil has been frequently converted into illuminating gas by allowing it to drip upon red-hot coke and
by other s1m11ar processes. .An analysis of such a gas in one mstfmce showed it to consist of—

. Per cent.

L0 & PP oY T A RPRGR 1 8 2
L7y = T 21 UL S RPN /< At |

I O 18§ 7 « PR < O 13
CO, carbOonio OXIA6 . ceee cun tmnm s e et tiat o e ctee e s ama e e amnaa e eraanaeaannmanieancnneanaen  S.04
COg, carbonie acid.. «o oo i hema e s en e s ce e e cete e minean e rrmmeeae i ameeneae 0,82

The presence of ethylene in such large proportion with free hydrogen indicates that at a lower temperature the
homologues of that gas would probably be found in still larger proportion. (@)

SECTION 2.—%“TREATMENT.”

Next to the distillation of oils no question is of more. importance than the chemical treatment which the
distillates receive. It has always been claimed by the Downer company that the proper treatment for illuminating
oil is washing with oil of vitriol, to which is sometimes added bichromate of potash, from which the sulphuric
acid sets free chromic acid, and then Wabhmg with sohution of caustic soda, and, finally, distillation over caustic
soda. This treatment at one time produced oils that were unrivaled in the markets of the United States, and
they have always held a very high reputation. It is, however, claimed by manufacturers of equally high

a Dingler, coxxxii, 354; Indus. Z., 1879, p. 204; Chem. Z.,1879, p. 285.
b This is & general trade-mark and not the exclugive property of rhe Standard Oil Company.
¢ 8. Dana Hayes, A, J. 8. (3), ii, 184, X accept the conclusions reached by Mr. Hayes; but the experiment was not con(lucted 50 88
to exclude the possibility that the beavy oils were dissolved in small quantity in the several thousand gallons of crude naphtha used.
d Archiv der Pharmacie, June, 1874; Am, Chem., v, 431. :



THE TECHNOLOGY OF PETROLEUM, - 181

_Teputation that the finishing of oils by distillation is wholly nnnecessary, if not positively detrimental. Judging
from all that I can learn in reference to this subject, I conclude that the treatment that dlstlllates should receive
depends upon what they are. There are:

1. Distillates produced by reducing petroleum.

2. Distillates taken off before cracking commences.

3. Distillates that are wholly eracled.

4. Digtillates that are mixtures of 2 and 3.

The first and secound classes would consist almost wholly of the paraffine series (C,Ha, ) of hydrocarbons;
that is, inert and neutral to chemicals. Consequently they would be easily treated, and would yield colorless and
neutral oils, especially when more or less canstic ammonia is used along with or after the goda treatment. Classes
three and four, however, are quite different. These consist of more or less of the olefines (C,Hy,) that are not chemically
inert, but form substitution compounds with readiness with such an active reagent as oil of vitriol. In these
substitution compounds SO, takes the place of two atoms of hydrogen in the hydrocarbon, and the hydrogen
unites with the atom of oxygen to form water. It is claimed by those who finish oil by distillation that these
substitution compounds are not destroyed by agitation with caustic alkali. Others admit that they are not
destroyed by caustic soda, but claim that they are removed by caustic ammonia. I am inclined to think that neither
of the caustic alkalieswill remove them. Ihaveexamined a large number of illuminating oils during the last twenty
years, and I have found that a large proportion of them blacken on being heated to 200° . and yield sulphurous
acid fumes, I have never attempted to estimate this quantitatively, but the amount yielded by half a pint has in
several instances been such as to be very apparent in the atmosphere about the apparatus. Such oils havenot heen
properly treated. Half a pint is no nnusual amount to consume on a winter’s evening, and while in the experiments
to which I have referred the sulphurous acid was disengaged suddenly and almost instantaneously, the fact that
when the oil was burned it would be thrown off slowly would notlessen its quantity nov its effect upon those exposed
to its influence. My own conviction is that all oils that will blacken and give off sulphurous acid should be
finished by distillation over caustic soda.

The following abstract of an claborate research undertaken by royal command, and pubh%hed in Dingler’s
Polytechnic Journal and many other German scientific periodicals, has not befors been translated so far as I have
learned. Tts importance demands for it a wider circulation. The author, H. Vok!, appears to use the term “Roh-
petroleum ” to designate American refined oils imported into Germany. He asks “if by the burning of petrolenm
there is not danger of producing unhealthful gases, and whether erude (Roh) petroleum does not itself contain
injurious compounds which are kindled by its burning that are removed when it is purified 3” and then continues:

The ounly element of crude petrolenm whieh liberates unwholesome gases when it is burned is sulphur. No petroleum is free from it.
In many cases the petroleum is polluted, in the so-called *‘cold treatment” with sulphuric acid, by sulphur compounds. It is particularly
8o when an appreciable quantity of parafiine is left in lawmp oil, and because of its dark color is subjected to an additional treatment of
sulphuric acid. In this way refined oil often contains or retains so much sulphurie acid that its burning develops nnwholesome influences,
Sulphurie aeid in part forms o compound with the henvy paraffine oil which is soluble in the remaining oil, and neither through treatment
by water nor by alkalies is it decomposed, so that a subsequent treatment with these substances offera no guarantee for the absence of
gulphur. When oil so treated is subjeeted to distillation, firsé o clear burning oil passes over, then a rapid development of sulphurous
acid gas, often accompanied with coloration of the contents of the retort. Finally, atter o limited separation of sulphur has taken place in
the neck of the retort, sulphnreted hydrogen comes over, and a carbonaceous mass with acid reaction remains. An erroneous opinion is
held in many places that a strong blnereflection possessed by many kinds of petrolenm is an indication of its superior quality and usefulness
Potrolewn has this pecnliarity when it contains an appreciable quantity of paraffine oil. Most hydrocarbons resembling rotinols have
these blue veflections, with a high melting point. None of the different kinds of petroleum investigated were frec from sulphur or
sulphurie acid, and thevefore it can be assumed with justice that petroleum hurning-oil free from sulphur belongs to the exceptions.

Petroleum, wherever a tranquil light is necessary, has superseded illuminating gas; besides, it is cheaper than cosl-gas, so that if is
entirely out of the question that the consumption of petrolenm should decrease to any important extent, and therefore se much the more
necessary in order to direct attention to these sulphur contents, that the removal of the injurious contents must be provided for. Among
those who make nse of petroleum for illuminating purposes inflammation of the eyes and eatarrhal troubles often appear, for which
plysicians ean never afford relief, hecanse the source of the trouble is unknown to them. ‘

The series of experiments embraced the followin g determinations, beside the sulphuric acid:

(@) The specific gravity of the oil at 15° R. water =1.000.

(1) The temperature (R.) at which the oil gives off inflammable vapors.

(¢) The contents in oils of speoifie gravity 0.740.

(@) The contents in paraffine vils of specifio gravity, 0.850, solidifying at - 15° R.

(¢) The consumption of the oil, in grams, per hour in a lamp with a plain burner, with a wmk 18mm 'broad and 2™ thiek, having a

' ca,plllzu‘y attraction ef 8em,

In order to determine whether the sulphuria contained as sulphuric acid or ns a substitution compound of sulphuric acid with
an hydroearbon, he heated the oil a long time at the boiling point in a glass retort with a piece of sodium or potassium. The bright
gurface of the alkaline metal is soon covered by a yellowish layer, so that one can safely conclude upon a sulphureted compound in the
oil. After cooling add distilled water drop by drop until the excess of alkaline metal becomes oxidized and the sulphur, as snlphide of
potassium, passes into solution, Then stir the fluid with a glass rod that has been immersed in a solution of nitro-prusside of sodium,
The presence of the smallest quantity of sulphur will immediately color the solntion a bsautifal violet-blue. (a)

a Dingler, cexvi, 47; W, B., xxi, 1053.
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TABULAR STATEMENT OF EXAMINATION OF OILS BY H. VOHL.

Temperaturet Per cont, Per cont. Por cont.

Specific , atwhich | contained in | contained in | Hourly con- of sulphuric
Noo| vy, |indammabie| ellsofsp | ohe ofepe | sfmpbionef | %acidoon:

ven off. 1 0.0, Y| 0. 86 "| teined.
Deg. R.

1 0.780 23,0 24, 964 14,195 16.78 0.994
2 0.790 28,0 " 18.830 19, 519 15. 48 2,001
3 0.790 28.0 8,060 5, 022 15. 00 1.884
4 0.780 21.0 19,889 14, 987 16.50 0.946

5 0. 805 24.0 22,133 28. 606 17.11 1.660
8 0.790 23.0 286. 950 9. 660 17.20 0.876
7 0. 800 27.0 25, 845 11. 500 14,88 0.998
8 0.700 22.0 35. 460 11. 590 17.90 1,014
9 0. 705 23.5 25,203 12,100 17.12 0.014
10 - 0.795 27.0 15.233 6. 410 14.50 | . 0,348
1 0. 800 2.0 25. 515 35. 760 16.00° 3.114
12 0,700 19.0 82,440 19.711 16.14 1,440
13 0. 780 10.5 29. 580 28, 711 17.25 2,100
14 0.790 10.0 33,218 26. 461 16.89 1.210
15 0.785 18.0 34,708 3. 506 17.98 0,340
16 - 0.779 8.0 48, 051 20, 512 10.38 1,950
17 0,790 10.0 38, 193 28, 367 18.25 2,148
. 18 0. 800 2.5 20, 950 32, 550 16. 50 2,200
19 0.798 26.5 20, 600 26, 480 17.33 0.216
20 0,795 28.0 21, 400 27,140 17,50 0.220
21 0.1790 23.0 25, 400 35, 440 14,20 0.389
22 0.793 24,0 24,116 30. 880 14.29 0,401
23 0.790 22.9 36.118 18. 400 17.55 0.901
24 0.790 19.0 36. 661 14, 014 17.24 0,973
25 0. 800 27.0 10. 033 6. 880 15. 36 0.310
26 0.795 26,0 18. 000 8.446 16,02 0.300
27 0.795 26.0 17. 880 9, 001 15. 98 0.810
28 0.780 8.0 | 48.336 20,330 10. 66 1.977

|

The amount of sulphur indicated by this table is surprisingly large, but I think it should have been computed
as sulphur rather than as sulphuricacid. As sulphuric aciditisalready oxidized and would not decompose at 2000 F.
and appear as sulphurous acid. It is compounds that will burn into sulphurous acid gas, and not sulphuric acid,
that render these oils noxious, No examination that I have ever made has led me to think sulphurie acid (80,) is
present in illuminating oil.

SECTION 3.~ SLUDGH.”

“ Sludge” is the name applied to the refuse acid and alkali solutions from the agitators. When petroleum first
began to be extensively manufactured, many attempts were made to recover both the acid and the alkali from these
spent golutions. The acid forms a black, tarry mass, and the alkali a sort of soapy curd, that forms flocks of a rusty
color, and also compounds that pass into solution, as well as sulphate of soda. By evaporating the soda sludge to
dryness and caleining to burn out the organic matter an impure carbonate of soda is obtained that can be converted
into caustic soda by the ordinary process. The sulphate of soda and other impurities thus accumulate in the
soda solution and finally renderits action imperfect. As this simple process for recovering the soda has never been
used to any considerable extent, I infer that it has never, on the whole, been considered profitable. There was
used during the census year an amount of soda crystals, soda-ash, and caustic soda estimated to be equivalent to
3,500 tons of soda-ash, all of which ran to waste. ‘

The sludge acid is recovered by first heating it, when it separates into an oily superficial layer and o lieavy
layer beneath containing the acid. This acid liquid is drawn off and evaporated and concentrated like chamber
acid, the black carbonaceous matter being destroyed at thehightemperature required for concentration. This process
is also very simple, but it produces abundant suffocating fomes and disagreeable odors, and in the neighborhood
of dense populations is justly considered a great nuisance. At Cleveland, Ohio, and near Titusville, Pennsylvania,
there are establishments for recovering spent acid, to which the acid sludge is carried in tank-cars. The
manufacturers of petroleum are paid an amount sufficient to induce them to put their sludge into tank-cars vather
than to allow it to run to waste, and the recovered acid is returned to them at the ruling price for sulphuric acid.
Sludge acid is sold to the manufacturers of commercial fertilizers in localities where the refineries are convenient
to such establishments. . Much, however, is allowed to run to waste; it is run into rivers and lakes, and, in the
neighborhood of New York, is conveyed in barges outside of New York harbor and emptied into the sea. The
amount of this material that has been thrown into-Oil creek and the Allegheny river is enormous. It has lodged
upon the rocks and on the gravel along the creek and stained them black; and it floats upon the river contin nally,
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often communicating its peculiar odor to the atmosphere above., I have also noticed it from the deck of a Sound
steamer floating on the Bast river, its peculiar odor being perceptible at the level of the deck nearly all of the distance
from Blackwell's island to the Battery. During the census year 45,819.5 tons of sulphuric acid were used in the
manufacture of petroleum products. Of this vast quantity 21,158.75 tons were recovered, 22,162.5 tons were sold to
manufacturers of fertilizers, and 2,498} tons were “ruu to waste”, which phrase means discharged into lake Erie,
the tributaries of the Ohio river, the Delaware river, Chespeake bay, or the ocean.

The effect of both acid and alkaline sludge upon fish was investigated by Dr. Stevenson Macadam, and the
results were communicated in 1866 to the British Association for the Advancement of Science. He made dilute
solutions of different strengths and immersed fish in them with the following results:

1, a fish pluoed in the acid sludge died in five minutes; 2, in one part sludge and three of water, it died in ten mmu’c.es 3,in one
p'ut sludge and twenty of water, it died in fifteen minutes; 4, in one partsludge and one hundred of water, it disd in fifteen mmutes HER
in one part sludge and one thousand of water, it died in two hours; while in one part sludge to ten thousand parts of water the
fish were not killed for twenty-four hours, but were apparently sick and prostrate. The spent-soda liquor which has besn employed in
treating oil which has been previously acted upon by acid is decidedly alkaline and caustic in its nature, Xt has extracted from the
oil and holds in solution more orless carbolic acid and its homologues, and the poisonous nature of the spent-sods liquoris doubtless
augmented by the presence of these acids. A sample of thissoda liguor which was flowing from a paraffine oil manufactory, and which
contained extra water, proved destructive to fish in ten minutes; with three parts of waterit killed fish in twenty minutes; with twonty
parts of water, the fish were dead in twenty-five minutes; with ene hundred parts of water, the fish were dead in thirty mmutes, diluted
with one thoussmd times its volume of water, the soda liguor proved destructive to fish in twenty hours; while with ten thousand parta
of water the fish were not killed, but were apparently slightly sick, («)

He also found that shale oil, Pennsylvania petroleum, and their manufactured products, were all deleterious to
fish; but the shale oil wasmore injurious than petroleum,

If these sludge solutions were mixed, and as a resnlt sulphate of soda instead of free sulphuric acid and caustic
soda were discharged into the streams, the injurious effects upon animal life would without dounbt be lessened; but
even in that case the discharge of such vast quantities of mineral and organie poisons into streams the W&tBI‘S of
which are used by thousands of the inhabitants of the towns upon their banks cannot be viewed as anything less
than a public mlsiortune, if no regard whatever is had to the fish with which the streams are stocked. The extent
of such injury as a problem in public health, as compared with other interests, is properly a subjeet of inquiry for

the physician.
SroTION 4.—TFIRES,

The attention of the public was called to the great danger of allowing large quantities of either erude or
vefined oil to be stored within the limits of large cities by the- disastrous fires that occurred in Philadelphia.in
March, 1865. A qmmmty of oil, amounting to what would now be considered only a few thousand barrels, was
stored in some open sheds on a lot that was not otherwise occupied. This oil was set on fite, as was supposed by
an incendiary, very early on a cold morning early in March. The flames spread rapidly, and as the barrels burst
the contents accumulated in a pool of burning oil that soon overflowed the lot, and, filling the frozen gutters, ran
down a narrow street in the neighborhood in a rivulet of flame as high as two-story houses., Houses were set
on fire, and their occupants, fleeing for life, were overtaken by the stream of fire and burned before they could
escape. In this way several lives were lost. This catastrophe led to the enactment of laws forbidding the storage
of petrolenm within the limits of large cities, and in the case of Philadelphia the railroad carried a branch track to
tide-water below the city for its delivery and shipment.

Petroleum refineries have been considered especially liable to destruction by fire, yet some of the oldest
establishments in the country have received very little injury from that source. - The amount of capital investedin
the manufacture of petrolenm during the census year was $27,325,746.  Of this, $21,196,246 was used twelve months,
$318,000 eleven months, $2,315,000 ten months, $2,019,000 nine months, $727,000 eight months, $100,000 seven
months, $510,000 six months, $100,000 five months, $36,000 four months, and $4,500 three months, equal to $25,781,327
used for twelve months. During the same time the losses from fire in the refineries of the conntry amounted to
$104,631, or less than one-half of 1 per cent, When to this invested capital is added the total value of manufactured
products that passed through these establishients, equal to $43,703,218, the total being 371,100,964, these losses
are insignificant. The refineries lately constructed are for the most part uncovered, and the material about thém
that can hurn is reduced to a minimum; but the older refineries that have not burned are inclosed in very substantial
buildings, provided with ample means for completely filling them with steam in case of any accidental ignition
of the oil, Really the danger from fire depends upon the want of care exercised by those who have charge of the
refineries more than upon any egpecial appliances for preventing or extingunishing them. The great fire in Titusville
in June, 1880, and caused Dby lightning. Against the occasional destruction of property by the elements no
amount of foresight or precaution will prevail,

a Chemical Aews, xiv, 110.
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SeorioN 5—THE SPECIAL TECHNOLOGY OF CALIFORNIA PETROLEUM.

The earliest attempts to manufacture the petroléum of southern California were made by Mr. Gilbert, of San
Buenaventura, about 1860, who distilled the malthas of the Ojai ranch and obtained from them a small quantity of
oil of inferior quality that could be used for illumination. When I commenced my experiments in 1865 upon the
game material I was soon convineed that it was quite different from the petrolenm with which I was familiar on the
Atlantic coast. The yield of oil of a specific gravity suitable for illuminating purposes was small in quantity, and
burned in the lamps in use for Pennsylvania oils with & dull and smoky flame. The proportion of oil of medium
specific gravity was very large, and the heavy oils, while of very low specific gravity, wbre not unctuous, and were
destitute of lubricating properties. One of these denser distillates, with a specific gravity of 16° B., was a mobile-
fluid-like water or an essential oil. "When the Hayward Petrolenm Company and Stanford Brothers commenced the
manufacture of petroleum from their springs and tunnels in San TFranecisco they encountered the same difficulties
on a large scale. The oils were all of inferior quality, and the “middlings”, as they were called, were so large a
proportion of the distillate as to prove a very great obstacle to the success of the enterprise.

Professor Silliman secured a barrel of the Ojai malthas and carried it to Boston, where he worked it in the
experimental apparatus of the Downer company. From the report of his results I make the following abstract:

The crudecilisvery dark, Atordinary temperatures (60° F.) it is a thiek, viscid liguid, resembling coal-tar, but with only o veryslight
odor, and with a density of 0.980 or 184° B. It retains, mechanically entangled, a considerable guantity of water. The tar froths at the

commencement of distillation from the escape of watery vapor. It yields by a primary distillation no product having a less density than
0,844, or 370 B, at 520 P, Distillation to dryness gave:

Per cent.

Of oil having a density of 0.890 t0 0,900 .. o . .. it i ieieaeissaeeeaneans samane 69. 82
Coke, WateT, 810 JOBE ..ottt it it et ccemae cete e e m et e ee e emcscsaeen smer s m s neen vnan 30.18
' 100,00

This first distillate, having a density of about 0.890 at 60° F., gave, when subjected to slow distillation, & produet having a densiky of
0.885, which, after treatment with oil of vitriol and soda lye and redistillation from soda, had a density of 0.880., - This distillate svas then
fractionated, and yielded : ‘ '

Por cont.

Light oil of specifie gravity 0.835 at 600 T . ... .. et i e e e e e 21,68
Heavy oil of specifie gravity 0.880 ati 660 It .. . i it e e iaeanas 37.41
Heavy oil of specific gravity 0.916 at G4° F ...t rmmrrniiiiae e ieaes R PO 34,53
[0+ PO S T 6,48
100. 00

In another experiment, undertaken with a view to “ eracking”, treating, and redistilling with soda, the products were exprogsed in
percentages of the whole amount operated npon as follows:

Por cont,

Naphtha of specific gravity 0.760 at 60° T . ... Lo i riie e e s 11,33
Oil of specific gravity 0.836 &6 B00 I e o i e e et et e eae e asanaay GG, 22
Oil of specific gravity 0.893 at 60° T ...ttt i et et e et eeeane e i ene e tneaaans 12.67
Oil of apeocifie gravity 0.921 ab 000 F . ir. it it i sttt e e et ieaceeamemar e neeeanan 3.56
7 R R RLLETEE T L R PT PP PP PR PR RIS PII P N R G.22
, 100. 00

Frnrther experiments lry distillation under pressure gave:

. . Per cent,
Light oil, specific gravity 0.825 at 60° F....... .. ... R 19.20
Heavy oil, specifie gravity 0.885 ab 600 1 ... it e e cer it ciitmcmcaeieeaaae e 25,86
Heavy oil, specific gravity 0.918 at 60° F' .o.. . oeu i e e e naa e 38.14

T OO ANA L0BBAn e cut eevee e e e e e e e s e amanas fe e meeectbeebcmoaeenee s 16.80
. . e
100. 00

No paraffine could be detected by refrigerating any of these heavy oils in salt and ice. (a)

On returning from California to New England, in 1866, I brought with me a few gallons of several of the
petroleums and malthas of the neighborhood of San Buenaventura. It was my intention to treat these samples in
an apparatus similar to that used by Mr. Merrill, but the small quantity of each specimen at my disposal rendered
that operation very difficult, and I subsequently determined to distill them under pressure, after the manner patented
by Young. I contrived a small retort, with a valve of peculiar construction, described in the American Journal of
Science for September, 1867, (b)) These specimens of petroleum, numbered I, IT, and III, were subjected to this
treatment. No. I camefrom a tunnel in the Sulphur mountain (see Fig. 6), with aspecific gravity 0.9023; No. II,
from the Pico spring, with a specific gravity 0.8832; and No. III, from the Cafiada Laga spring, with a specific
gravity 0.9184. They were first subjected to distillation under a pressure of about 30 pounds per square inch in a

¢ A, J. 8., xliii, 242; C. N,, xvii, 857; B. 8. C. P., 1868, 77. DA J. 8. (2), xliv, 230; C. N., xvi, 199; 'W. B., 1867, 72.
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measured quantity of 1,500 c.c. The distillate obtained was then fractiona%ed until the specific gravity of the
distillate averaged 0.810 or 43° B. The heavy residue in the retort was again distilled under pressure and
fractionated to a distillate of specific gravity 0.810. The heavy residue in the retort was then treated for
lubricating oil. The results tabulated as follows: '

[ v Byt . [l 13 + ) i
204 1% | E | BEE 1% (52 |% (% |28 8 |& |3 .
2 g | = gE | By | 8 g4 8 £ i R = g g
© k4 £ | &g 2.5 A g -] 5 k) =8 E e | : B
o, Y- Se o.é‘ Eﬂ_’ ﬁ% B .,;E : B | =E & 33 '3%3 & =
1,500 ¢, ¢. of erude oil for a 2 g3 23 EE 55 3% = g+ @ .3 | 8% =3 e Hen E %
eacl experiment, ga =2 | 85 | 23 o | &8 | ©¥ | B 2% 'E w | S% EE ﬁé EE| ‘g 2
YOI EE | &Y | EE | ¥5 | wa | BT |EER| B BR |dg | 8% | w8 | 98 | &
g | g g2 = ol 2 — Y o & 4
o 2 B 2e 8 3 88en| 3 3 284 = g8 | = - o
) 2| 3 |sg|g° | & |BEE|E |5 |BER|E 3T |2 g |
i o & = RPO oA B B (2] =1 3 3] B S| A A
Cubic centimetors:
R . 1,305 185 | 630,00 { 735.00 | G8L.00 184,00 | 814,00 | 24.42 | 780,58 | 407.00 | 14.01 | 482,00 | 780.58 | 482,09 [ 30.33 | 180,00
1 1,815 - 185 | 850.80 | 464.20 | 408.78 | 102,19 | 052,00 { 28.50 | 924,40 } 306, 59 0,10 | 207.40 | 924,40 | 207,40 | 87.78 | 240.42
D10 5 S 1,240 260 | 605,00 | 685,00 | 57150 | 142,87 | 747.87 | 22.43 | 725.44 | 428.63 | 12,85 | 415.78 | 725,44 | 416.78 | 235.28 | 828,50
Parcentapes: .
. 91, 60 0,00 42,00 | 4D.00 | 45.40| 12,27 54.27 1.63 | 52.64 | 383.13 0.00 | 82,14 52,64 32,14 2.62 12,60
8 87,66 | 12,34 56,72 | 80,94 27,25 .81 ©3.53 1.91] 6162 | 20.44 0.61) 19,831 ¢1.62) 19.83 2,52 16. 03
B 1 82,66 | 17.84 40,88 | 42.83 38.\10 8.52 | 46.85 1,40 | 48,36 | 28.568 0.86 | 27.72 | 48,38 | 27.72 2.85 21,57
Cubio centimeters: . .
IV i n s 1080. 00 | 282, 50 | 250,00 | 830,00 | 747,00 | 186.75 | 486.75 | 18.10 | 428.65 | 660,25 | - 16.80 | 543,45 | 423,05 | 548,45 20.90 | 503.00
Percentages: '
1 79.00 | 15.50 | 16,70 | 55,30 | 40.80 { 12.40 | 29,10 0.80 | 28.20| 87.40 1,10 | 86,80 | 2820 | 2G.30 2,00 33. 50

The specimen of maltha (IV) examined was taken, it is supposed, from the same pool on the Ojai ranch as
that examined by Professor Silliman. Its specific gravity was 0.9906. The air, hydrogen sulphide, and water was
removed by allowing the maltha to flow slowly from one vessel through a second vessel, in which it was heated
sufficiently to expel these impurities, and from which it flowed into a receiver. The loss Ly this treatment was
193 per cent, The purified maltha was then treated precisely like the oils, with the results as given above,

As these results, both with malthas and oils, were condueted on a small scale, the percentage of loss is much
greater than would be experienced on a commercial scale. . : .

A comparison of the results of the distiliation of the malthas and oils appear at first sight fo give the latter great prepondérance in
value over the former; but it should be borne in mind that the malthas contain 12 per cent. «of volatile impurity not contained in the
oils, After making due allowance for this fact, it will bo observed that the total amount of crude distillate is in all cases very nearly in
the same proportion to the pure bitumen contained in the crude materials, These crude distillates yield easily to treatment with the
ordinary amount of sulphuric acid and soda Iye. The purified oil is very transparent and the most fres from color of any that I have
geen. Indeed, were it not for its opalescent properties, and the peculiar manner in which light is refracted by it, this oil could not be
distinguished by the eye from pure water, I do not claim to have produced oils the burning qualities of which are superior to other
California oils, but I think them in ne way inferior to the best that have been produced from unadulterated Californja pefroleum. The
beat refined California petrolenm that I have made, as also the best that I have seen from other sources, fails to produce & light of such
intense whiteness as the best refined Pennsylvania oils, although they are quite equal to the average upon the market. Itis my opinion
that this difference is due to admixture of some series of hydrocarbons, containing a large amount of carbon in proportion to the hydrogen,
in such quantity as to vender the combustion incomplete, and thus give rise to @ yellow flame. (a)

An examination of Russian petroleum in 1881 by Kurbatow and Beilstein has shown the presence of an
homologous series such as was here predicted, which contains more hydrogen than the benzole series and less
hydrogen than the paraffine series. There is & great similarity between these Tertiary Russian petroleums and the
~ Qalifornia petroleums of the same geological age, and it is altogether probable that they both contain these ¢ additive

- compounds of the benzole series”. Iam informed that during the last ten years or more there have been a number of
thousands of barrels of petroleum refined in Santa Barbara and Ventura counties which has been sent into Arizona
and Mexico, but was not of such a quality as to compete in the San Francisco market with oils manufactured on
the Atlantic coast. On the whole, so far as I can learn, the oils manufactured from crude California petroleum are

uniformly of inferior quality.

’ a 8. F. Peckham, Geo. Swrv. of California;: Geology II, Appendix, page 73.
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OmarTER VL ——STATISTIOS OF THE MANUFACTURE OF PETROLEUM DURING
. THE CENSUS YEAR.

SecrioN L—INTRODUCTION.

The statistics that form the subject of this chapter were obtained by means of a schedule of questions which
were placed in the hands of the different manufacturers, and the answers have been consolidated into the totals
as here given., Great care has been taken to include all parties engaged in the manufacture during the whole or
any part of the census year, and it is believed that the list is complete. It is further believed that the schedules
have been filled with as much care and regard to accuracy as could be expected under the circumstances. Several
firms had gone out of the business at the time the statistics were compiled, and others had kept their books in such
a manner as to render the compilation of such statistics diffienlt. It is believed, however, that in those instances
where absolute accuracy was found to be impossible approximately correct estimates have been given. These
instances constituted but a small percentage of the bulk of the business, which is carried on by large corporations
and firms, who conduct their business systematically. The statistics furnished by these concerns have been compiled
atmuch labor and expense, and in many instances are careful transcripts of annual or biennial balances and records
kept in the regular course of conducting the business, As statistics of this character constitute a large proportion
of the whole number, and as the remainder are carefully computed and estimated, the totals are believed torepresent
in a practically aceurate manner the details of the business of the country for the census year.

The following-named firms and corporations have furnished statistics:

Name, Location. Name. Location,
Portland Kerosene Qil Company...............| Portland, Maine. Pioneer Oil Company Cleveland, Ohio.
Downer Kerosene Oil Company........ccc......| Bogton, _Massachusetts, and | Merriam & Morgan...eee.--- Do.
Corry, Pennsylvania. Lo D M e emem e e ee veeme s aeen Do,
. oriantfnl Oil'Gompany .......................... Do. American Lubricating Oll Company .... Do.
M.avemck Oil Company «eeeeeavarevinnaeeeeenee Do Ropublic Refining Company............ Do.
Piorca & Canterbury ....cooomueeiniiniaae, Do. . Baokus Ol COMPANY «eeennrararereeerennncanns Do.
8. Jenney & Son8 ..eceivmeneanaanl. [P B‘Eﬁggl'{ly fg@g::]_i}?rﬁts. A0 | Y710Am T DOML «nnevs s imonemem e e oemaas Do.
G T GIOEOLY vvv e ssvmnnnncennienns N Do, Schofield, Schurmer & Teagle ....... . Do.
Charles Prott & CO onmeeoeeoeoeee oo Do, Forest City Varnish, Oil, and Naphtha Co..... Do.
Empire Refining Compnuy . Do, J. H. Heisel & Co..} ............................ Do.
Sone & Flemming .....cvcuacnicneasovannennnas Do, J. R. Timmins & Co Do.
Jumes Donald & Co ____________________________ Do, Acme 0il Company..--veveeeenaeennn... .| Titusville, Pennsylvania.
Wilson d& Anderson ........ A Do, Keystone Oil Company ceeeeneeean..... Do. :
Bush & Denslow. ...eenveeaneannnnnrnns . Do. White Star Oil Oompany """""""" Do.
Frankin Oil Works .ooo e onn. .. ) Do. Crystal Oil Works .uccuuveevun: connnnnan ...} Miller's farm, Ponusylvani't.
Devoo Maunufacturing Company ... . Do, TImperial Raﬁn?ng Company . ...| Oil City, Pennsylvania.
MoGoey & King ........ e . To. Mutnal Refining Company . ceeeueocmereianeae. Reno, Penpsylvaniu.
Queens County Oi] Reflning Company. - Do. Empire Ol Works ..oeevvmnnn i Do.
Tamen A, BOSOWIOK «eeeneeenreeaeseeeean e Brooklyn, New Tork, Telipse Oil Company | Framklin, Pennsylvania.
Tong Tsland Oil Works ' Po, ) Relief O WOrkS ocuuueeeeniiinnecnacaanenans Do.
Lombard, Ayres & Coeeecerrrnnnneennnne ..| New York aity. Fronklin Ol Works .ooeoesmrrneanereenie Do.
Cheesboro' Manufacturing Company ......... Do, German Refining Company.. .| Brady's Bond, Penngylvania.
s T Do. Willinm Bradin . .cceeeeemreeaveanenes .| Millerstown, Pennsylvania.
A O BUDCE & C0nrmaimmeremn oo, Do. Holdship & Irwine ......ocvuivvieenaaon .| Pittsburgh, Pennsylvania.
Hudson River Ol Works ..ovovvuieeacaata., Bergen county, New Jersey. Standard 01l Company Do.
Bayonne Reflning Company .....ooaniaaa.., Bayonne, New Jersey. Taine, Ablett & Co.......... Da.
Pennaylvania Refining Company ............. Phﬂndelphm, Pennsylvania, B.J. Woring......... Do.
Maleom, Loyd & Co vevervvinnnseeninmnnnn, Do, A.D. Miller......... Do.
William L. Elkins & Co Do, J. A. McKeo & Sons Do.
Harknest Refinin 2 COMPANY +envrrrarinnaanats Do. Central Refining Company Do.
Welstor Bros. & Wilson .ucoevourevionncnnn., Do. D.T. Refghard eoeeeneenieeoneeina Do.
Atlantic Rofining Company. .. . Do. Andrew Lyons & Go-evesrscrseneniiennnens Do.
Excelsior Ol COMPANY «vrumennnrernnennnee.. Do. Wallover 031 Company -| Smith's Ferry, Ponnsylvanin.
TVrtited Ol COMPALT . - < eoomeeeerenrermnns . Baltimore, Maryland. Samuel Hodkingon.cueae:aaeeeineirneann ..| Steubenville, Ohio,
T, Parkburst, §r., & C0 ceneeneeeneeeon-.. . Deo. Marietta Refining Company «.o.ovanoaao.. .| Marietta, Ohio,
Camden Consolidnted Oil Company .| Baltimore, Maryland, and Par- Ohio Ol Works................ Do.
korsbm{z, West V1rgmm. Argand Oil Company.......... Do.
Solar Oif Company, - .vvcereecieereainnn cnemnnn Williamsport, Pennsylvania. Richard Patton....... cennea Do.
S. Bailey & Co.vvnnvcnnan-n .| Danville, Pennsylvania. O M. Lovell.onentivenninnnnnn. Do.
Reading Oil Company v.cmvneeonon... .| Reading, Pennaylvania. Isainh Warren & Covavenneen.. ‘Wheeling, West Virginia.
Binghamton Oil Company -..| Binghamton, New York. L. D.Crafts...ccco...n cerean .| Parkersburg, West Virginia.
~ Vacuum Oil Company ...... .| Rochester, New York, Sweetzer Oil Company:.ceeeeciaaa i oa... Do.
Buffale Oil- Works .....veae .| Baffalo, New York. S P.Wells & C0unnnnriinaniiieeisarennanan . Do.
Standard Ofl COmMPANT s cmeleaennnncinnnnvrnnnn Cleveland, Ohio. Chess, Carley & CO.evunrrnnvarercsnnionnsnnan Louisville, Kentuaky.

SE—t
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SEoTIoN 2.—CAPITAL, LABOR, AND WAGES.

The total amount of capital invested in the manufacture of petroleum during the census year was $27,325,746.
Of this amount, $21,196,246 was employed the entire year and £6,129,500 for periods varying from one to eleven
months, averaging $4,585,081 for twelve months, The total average amount of capital employed throughout the
year was $25,781,327. (See page 183.) '

The total number of hands employed was 12,231, The average number was: Men, 9,498; women, 25; children,
346 ; total, 9,869. Some of these men were employed in establishments that were in operation less than twelve
months. The average number of men employed for twelve months was 8,032, Of the 9,498 men, 8,818 were
employed by day and 680 by night. This latter number does not represent all of the labor employed at night, asin
many establishments the work was not performed by men who worked constantly at night, but by men who were
divided into sets and alternated, one set working during the day for one week, and at night the following week.
In other establishments the work was divided from twelve at noon to twelve at mght

The wages paid for skilled labor varied from $1 50 to $3 per day, averaging about $2 25, and in general no
ditference was made in the wages of those who worked by day from those who worked at night. Ordinary laborers
were paid from $1 25 to $2 per day, averaging about $1 50; coopers from $1 50 to 2 50, averaging about §2 25, and
tinsmiths from $1 30 to $2 25, averaging about $2. The highest wages were paid on the Atlantic coast and the
lowest on the Ohio river. The total amount paid in wages during the census year was $4,381,572

SEoTION 3.~MATERIALS EMPLOYED IN MANUFACTURING PETROLEUM.

The total amount of crude petroleum manufactured during the censuseyear was 731,533,127 gallons, equal to
17,417,455 barrels of 42 gallonseach. This crude oil was valued at $16,340,581, equal to 92.9 cents per barrel. During
the year there was received by the manufacturers in—

Gallons,
BaTYOI8 £ oot e mie it et e e e e ed s eaneacetaemesac e tamasanen smeatananemnncmnsanenns 20, 363,918
S g 42, 433, 388
TaNK-CRLS «cam vomveenimces camemecanann aeenon e e Mt e ames e e aae e eeeaaaamnr cme s e 437,740, 951
Pipe-lines cveecuuer it mvcn cinvimcmns cammnrinnaas et e caie edme et aienainsemnn reas e 227,941,728

This oil is estimated to coutain on an average 1 per cent. of water, and was mainly third-sand oil; but it
includes also mearly all of the second-sand oil, and a portion of the first-sand., It does not include any of the
heavy oils that are used as natural oil, and but a small portion, if any, of the mixed oils.

In the manufacture of this oil there was consumed the following kinds and amounts of fuel:

Value.

Anthracite c0al....ue coioiiimei i iim et ctae b i e itae e b tons.... 179,997 $446, 922

C BAbUMINOUS GO o e ani s i e e hena e et am et semiascmacce s anreaomas amas tons.... 504, 667 580, 983
VOO cemrms o cer civamnnce s amcmesaeccen nmma ot actaasanaaanabene o ans anan cords.... 1,471 6, 355
L) T bushels.... 303,596 13,218
Naphtha. oot i iereteiie i ieeieisaren s mers s nmen aeeaaaoBllODS .Gl 2,802,164 . 4,315
ROBIATIIIN 4 ca e o vae s aata aanw ca e sann amecaacmancesn ctan cmnmac tmns eusasn .....gallons..-. 11, 765, 705 299,215
Total valuation of f1el MBEA . (. c cree cr i it i it teicciasamas crensacassonanassanennecnnsnsany 1, 319 003

Anthracite coal was very generally used in the Atlantic cltxes, but not to the execlusion of bituminous coal.
Naphtha and residuum do not appear to have been used as fuel except in special cases. This fuel was used in the.
distillation of the oil and in the production of steam for use both as power and in distillation.

In the treatment of the distillates there were used of— ‘

Value.

U3 )y S P 113 11 N 3 $180
Sulphuric acid...ens cen et e e teemasmemea s anae. do..... 45,8131 1,206, 052
Hydrochlorie acid .ocuve e iiiomm i T pounds.... 3,424 . 68
Total valuo of a6id8.cueesvouaes aennsn e eemate memameemme eameaetemeteeneeetemeenesmanmeennnyis 1,206, 200

Of this vast quantity of sulphuric acid the “sludge” of 22,162} tons was sold to fertilizer and chemical
manufacturers, that of 21,1583 tons was returned to the manufacturers to be restored, and that of 2,498} tons ran to
waste, Of this amount, 1,389 tons of the 2,498% tons that ran to waste were thrown mto the Atlemtlc ocean and rivers
and bays that enter it, 839% tons were thrown into the Ohio river and its tributaries, and 2694 tons into Iake Lrie.
The proportion of sulphunc acid that is thrown to waste is now much less than it was formerly, but the nearly
5,000,000 pounds wasted during the census year is a large quantity with which to pollute our rivers and bays,
The 1 678,000 pounds thrown into the tributaries of the Ohio river is a large contamination in the waters of even so

large a river, and in addition to the acid the sludge oils cannot fail to increase its deleterions effects.

The alkali treatment was effected by means of—

Value.
BOAABEIL wre s v e ven e mman aman amaven e ens maane va e mam caamna s gmeame csanan ensalOO8atas 410.9 $10,427
CRuStIe B0 e e e o vnin e o iets e e e e mee e ean e e s do..... 7.3 85, 064
Sal-soda .. ..-...-....”.........-....-..,................,.,...-.........-.pounds.... 96, 643. 0 1,423
Aquuammonm t e e ema et e eamee e e eueanamenannnsaanancnns weoeaeoa@0.. .. 160,160.0 8,697
Lime . A INRPRRPRY 1111 11 |- TN 797.0 159

Totnl value of alkalies e e cie iuee cenavonaneacaceencmmmcesnnasnanas mnnssen L L CLELTEP Ty 10o 5,770
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The sludge of all of this alkali was run to waste on the Atlantic coast, into the Ohio and its tributgmries, and

into lake Erie.
The filtered oils and residues required the use of 1,990 tons of bone-black, valued at $62,815. The packages
nged were in part manufactured and in part purchased by the petroleum refiners, and were as follows:

Value.
Barrels: Made. .o voencmn et e e e iem e i e ie e acae wmee 3,202,608 $4, 040,502
Purehased . oone o v e e e eaa s 6,424, 608 7,577,805
B -- 9,717,308 11, 618, 307
Tineans: Made e oaer coeomn ol it e i e e cren e e e aemnee o aea 28,496,916 2,700, 630
Purchased..oe ceennn oo e e e e e e ciee e 344,173 93, 367
B2 23,841, 089 2,793,997
Packing cases: Made ... oot i iiniie e e 1,607,207 189, 611
PUrehased .. oo e e e iy e e 4,845,504 717,400
4 o 6, 452, 801 906, 911

" The total number of all packages and their value was as follows:
BaITBIS - e oo rmt o i e e e it it reii et eeeen e aeaeeeee e .eee 9,717,806 §11, 618, 307

L g 23,841,089 2,793,997
L T o RPN I 18 1 § 906, 911
Total PACKAZES «eve cenn cane e ce e e e e e e e, 40,011, 196 15, 319, 213

Where barrels are not made they are being continnally.repaired. The number of coopers employed was 2,062,
and of tinsmiths, 353.

The following is the total cost of materials: .
Value.

Crude o0il, 17,417,455 DATTEIS 4o e emn e e i e a e ae tt ettt ne et e es e e e e $16, 340, 581
T 1,319,008
T 1,206, 200
U 103,770
R 0T ) Y S 62, 816
Packages .o cnerarenroeisvenanncianoan e a ke et e et e ieseet tm et atias smmas cseeveaney e ennann 15, 319, 215
Bungs, paint, hoops, glue, 660 .. o oo m ien o i ieeeeciaceeeaaaaa. 645, 412

) R 34, 999, 001

SEcrION 4—THE PRODUCTS OF MANUFAOTURE.

There were manufactured of the volatile produets of the distillation of petroleum of a specific gravity above
870 Baumé 293,423 gallons, valued at $29,117. This material was first called rhigolene, but a similar product has
been called cymogene, and has been used inice-machines. It is to be presumed that this material was used for that
purpose, Of gasoline there was manufactured 289,556 barrels, valued at $1,128,166; of naphthas the following-
named qunalities and quantities:

Sl | Yt | Ve,
Degrees.

80 1,200 #3, 600

62 109, 472 - 225, 609

83 18, 945 43, 039

65 6,148 17, 389

as 7, 300 20, 0756

70 918, 374 1,188, 201

! 71 1,617 4, 657
7112 . 6,800 18, 110
72 6, 048 3,931

73 38, 717 45,045

74 19, 565 54,110

7w | 8,100 84,425

76 11, 609 88, 315
68-70 12,525 . 16,282
65-70 260 780
60-72 42, 302 100, 417
c8-78 | 3,400 8, 500
65-70 | 85 60

’ Total ...: 1, 212, 626 1,833, 895 “
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An inspéction of the table on page 188 shows that the different grades of naphtha, as determined by the specific

gravity, command very different prices. The following table shows the fire-test and quantities of illuminating oils
manufactured:

Fireost, | Qyantity in Value.

Deg, I

’ 100 9,059 $6,435

110 6, 083, 026 19, 035, 913

112 013, 679 2, 621, 777

115 90, 814 813, 560

120 2,107, 220 7, 008, 218

110-120 5, 048 16, 844

130 510, 522 1,507, 884

136 2, 036 11,288

140 15, 000 85, 000

160 1,170,726 5,404, 838

110-150 28, 270 108, 557

155 1, 960 7,350

160 1,627 9, 040

175 22, 848 164, 814

150-175 46,220 350, 144

Total ....{ 11,002, 240 26, 839, 611

It will be noticed that the three grades of 110¢, 1209, and450° include the larger proportion of the illuminating
oils. The specific gravity of these oils varies from 45° to 50° Baumé, the high-test oils having usually the highest
gpecific gravity. But a comparatively small quantity of oils having a fire-test above 2000 F. was produced,

Tire-teat. Barrels, Value,
Deg. T,
260 1,940 $8, 245
285 300 3, 000
300 14, 304 191, 480
Taotal . ... 16, 544 208, 725
| .

These oils are of a gpecific gravity of 360 to 390° Baumé, '

The lubricating oils are prepared by various parties of different specific gravities. Petroleums reduced
especially for cylinders are made very dense, and vary from 25° to 28° Baumé. Of these oils there were produced
26,018 barrels, valued at $371,020. Petroleums reduced for journals are prepared in greater variety. Of these
there were:

E?ﬁg}&? Barrels. Value.
Degrees.
28 8,184 $80, 827
28-30 105, 005 " 506, 867
20 63,706 308, 208
20-34 20, 657 179, 610
88 1,200 7,020
Total .... 204, 841 1,024, 017

The distilled Jubricating oils are in equally large variety. Of the deodorized lubricating oils there were
produced: ' ' ‘

gx?‘f%ig; Barrels, Value,
Degroes,
2b 16,460 $148, 140
26 2,017 | 9, 680
28 | 68 340
20 12,440 146, 280
28-93 39, 430 804, 952
Total....{ . 70, 416 811, 6572
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The paraffine oils reported are in still greater variety of specific gravity and price, ranging from about $2 to nearly -
$12 per barrel; the latter value being asmgned to an exceptionally dense oil of specific gravity 20° Baumé. Of these
oils there were produced:

g:s;?; Barrels. Value. ‘
Degrees.
20 9, 524 $24, 230 .
20-27 8,733 43, 207
24 552 4, 068
25 26, 208 165, 565
a6-98 | 6, 000 45,000
27 3,187 6,055 °
28 31, 402 124, 077
33 T4 5,141
Total.... 79,465 408, 023

Of paraffine wax there was produced 7,889,626 pounds, valued at $631,944, an average valuation of about 8
cents per pound, of which 900,000 pounds were made into candles by one firm.

Of regiduum there was produced and sold 229,133 barrels, valued at $297,529.

The products of mantifacture other than those already enumerated were chiefly petroleum ointment, harness
oil, and other vacuum products, as follows:

The paraffine ointment manufactured had a value of hrore than.....o.oeaie ciiirevavann.n. e eneaenvevaas $100, 000
5 £ T3 1 34,513
(0] 175 2 T A 17 193, 584

. 328,007

SUMMARY OF PRODUCTS OF THE MANUFACTURE OF PETROLEUM AND THEIR VALUE,

Article. Barrels. Value.
Rhigolene....venceeinaaannnnnnnnan. 5, 868 $20, 117
[£7:T: 10714 T T O 280, 555 1,128, 160
Naphthah. cover cemnvrvandunverennnens 1,212, 626 1,833, 395
Iuminating 0l ..o oo eeamenoianaais. 11, 002, 249 36, 839, 613
Mineral sporm....ieeiociiiiaiaaoL, 16, 644 202, 725
Reduced petroleum, for cylinders. ... 26, 018 871, 020
Redueed petroleum, for journals..... 204, 841, 1, 024, 017
Deodorized lubricating oils.......... 70, 415 611, 572
Parofiine oil..eeeeemeen i iiecnaeann 79,405 408, 028
Restdunm.c.ueneonnnn e, e 220, 133 297, 520

13,136, 714
Paraffine WoX...eeeeearerons PPN *7, 889, 626 631, 944
Miscellaneous produets....aceeievns|erensenecusonnes 828, 097
B 48,705, 218 ®
~ Pounds.

SECTION §,—BUILDINGS, MACHINERY, ETC.

There were in use during the census year 374 boilers, of an aggregate capacity of 12,744 horse-power. The
machinery was driven by 285 steam-engines, in ‘addition to which there were 200 steam-pumps. These pumps
were of very varied capacity and construction. Many of them were small, requiring only a few horse-power to run
them, while others were very powerful machines, capable of handling hundreds of barrels of oil per hour. The
number of buildings in use were reported at 866, and varied in character from rude sheds to substantial brick
buildings, their aggregate value being 1,899,288, while the machinery was valued at $3,737,998. The losses reported
ag occasioned by fire and other acecidents aggregate $104 631 43, a loss on the capltal in use in the business during
the year of four-tenths of 1 per cent.

An attempt was made to ascertain the quantities of the different products packed by the manufacturers for
export, but a number of the returns contained so many errors that the results were worthless.
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Capital INvestod .. acee v e oo o e e e e e a §27, 325,746
Capital in use for twelve months ... ..ooaiveiaaaann e e eeme e e eean e mtemaeaa $25, 779, 688
Total number of hands employed. ... .o e ot i et e rin e e maei e e 12,231
Average number of men employed .......... et ae e suresarn e aensbeme et e aceey cnan 9,498
Average number of Women e PIoFed..uour cvmn a i it e ce et maay e een et e mmm e pmmaa 25
Average number of children emploFed- .o cvniummirmm et e e iciare e e Veaee et e 346

Total avtrage number of hands employed -ceeveemwe idrmnneanennn. e aeeetusemece e te e 9,869
Total amount Paid In WAZEs oo oo it c it e eeees B4, 381,572
Value of erude material .o oo...oooer oot R $34, 999, 001
Value of manufactured produets ... .oon i it e e, $43, 705, 218
80 Lo = B B T T 374
Horse-power of 8416 ...ovo oottt it e B T PP PR MR 12,744
T LT B 285
Pumps i1 T80 vv e e cvn rme i et e e et et e c e ot aaeantereeacasieasreanae e 200
Number of Dulldings - v e o e o e e e ime i cataten e me i aes aean aaaa 866
Value of Duildings. oo o e e e e e e $1, 899,288
Value of MACKINGTY waos oo e i ot eie i e iee cmes semmes o mmebeeaa bmmeen re e meeatenn cennnna 3,737,998
Loss during the census year from five, 6te. .on oooo oo e e 104, 631

STATISTICS OF PETROLEUM RETFINING DURING THE YEAR ENDING MAY 31, 1880,
ESTABLISIIMENTS

Number of Arms and COXPOTATLONS +ux o vamcas aearcmnnaaas vt sern o e eaen et ma e v m o e e e -8
CAPITAL:

Amount of capital INVESEEL vauuue ve e e e e e crra e e e eneas $27, 305, 746
FIANDS EMPLOYED :

Average Nmber Of MBI ce . ceu e i et i e e iie e e emame e aenaae 9,498

Average NIMDEL OF WOIMEIL. tau e o iniceesas semn s aaenes caeenn sammn. aremerom aems amamee ren o mens 2

Average number of ¢hilATen « ..o oo ie i i e i riea remee eces eaes 346

7y S U 9,860

WaGrg: .

Total amount paid.eeccr coviaianenann e mumee eemes tmu e mm ek nasaatey mmnn . caan s E A ar $4, 381,572
MATERIALS ¢

Oil.
Quontities, Value.
Crude oil nBed (D) vecmee comienmmeecieae e b ramenanaan reewns mmenmy aeen gallons.. 731,633,127  §16, 340,681
) Juel

ATERTACIED GORLevnn s nenne svrm coae s s emas aeaammcne aman mcns amen e smmms tona. .. 179, 997 446,922

Bitwminous €08l . ovcou e vaaen iaeae e tae et et cee e e s do.... 504, 667 580, 983

25 T0 T O g PR ¢ ¢ |- T 1,471 6,355

010 P 131 K1 T 3083, 596 13,218

Naphtho o i it esieraacas snesnseu e canone ek e s ranna s gallons.. 2,802,164 42,315

ReSIANNIMN & oot vmcmvnatsesene cmacssmerssouscncnnncernasmasennsnnssnenensanel0aa.. 11,765,705 220,216

Chemicals.

3111 32 s T T R TTTTTIPTTSR PR LA 3.0 - 180

Sulphurio ekl eee oo vmr e e i etaerae e e e do.... 45,813.5 1,206, 052

Hydrochloric acid...vomeveranr cir e et ieir e cre s e pounds.. 3,424.0 68

LT E ) P e e e imrerennaas tons. .. 410.9 10, 427

CAUAEIC BOAB o oamme s ceie cmancs cern cacnas ceen smcdransrssbasannanemnenonsuseesU00nas 772.3 85,064

BAL-BOMRA . cav aeer ameocs scvmes eameaconnnnreaenesasnns emnnsnareenma.neaor-pOUNdS.. 06,6430 1,423

AQUA BIOMONIS <o eeen vammee amre e aan rane wanemecncevamnncaons sansnesonsnns80accn  160,160.0 8,697

TAIO. o com e cne caeccee menee s meeaect aanemacacans aeme sennns nasous e .- DUBLEIS.. 797.0 159

BONE-DIACL & aee we e rancoiamencearanay amamansasmnne samoae rasacs snasen nasoos s TONB. L. 1,990.0 62,815
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SUMMARY OF STATISTICS OF THE MANUFACTURE (WOF PETROLEUM DURING THE YEAR ENDING MAY 31, 1880,

& This differs from the sum given in the Compendium (§27,395,746), an ervor of $70,000 having been detected after that was printed,
b The 731,533,127 gallons of crude oil used are equal to 17,417,465 barrels of 42 gallons each,
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Packages.
Quantities.
BAITOIB we e et vewies ot mee e e et et e as e teaa e ean s areeas aennnae number.. 9,717,306
TN CAIIE «acvcevamren sacmss samene mannn casran ammes e smes sannns ancs cnnsnnnns do.... 23,841,089
11 MG do.... 6,452,801
Bungs, paint, glue, ete.......... et e et mmar e aesvmeaiaseeeaeane e anrene b abernar e
Total value of raw material ....ociremer o in i tiie tiit e cnner e aanne
Propuors :
Rhigolene - .cooo oo it cerecae e e e barrels.. 5,868
GABOlING vevmre i i e i e P do.... 289, 558
Naphthao oo e e e e s . do.... 1,212,620
THumingting 0il « . n e cann e e i e do.... 11,002,249
176000 5T (g R do.... 16, 544
Redunced petroleum, for eylinders........ ... iiiiiimenan v idoo 26,018
Reduced petrolenm, for journals ..o oovu oot do.... 204, 841
Deodorized Inbricating oils ... ..o .. ldoal, 70,415
Paraffine oil....eceeieoiiininvainaas e esmcatcacesenmars e eeaccemaaaaaaaaes do.... 79, 465
ROBIATII . o e e e cere e e e it aereace e eaacacn e do.... 229,133
Parafline Wax ceceeevemececeneinieaniesnaeanoenan wreccvesccecaa--..pounds.. 7,869,026
Petrolenm ointment, harness 0il, 6. ... vou e iimniiart it et ittt ie e eas
Total value of manufnctured ProQuetB..ve cveeir s cacr ciestieeraeanaescarnucsnncoscons
MISCELLANEOUS STATISTICS !
BOLlerS D U8B v o it it it it iae e mae e e vm e e s ae e aman ananceaenaan
HOT8e-POTWET OF BAINE e ane coin ittt it oo et it et et e e meme caemaeem eeeane amemne eaenenan
01 Toy bl 5 - A
PUIMNPS FTLTEB ¢ e ve v vmeae ceet aamamt oo eemen e o e seem mem e me e e eme e amnmee maee s
Number of buildings. . vmeen i i e it i et e ieeeeaans

Value of same

PRODUCTION OF PETROLEUM.

.................................................................................

Value of machilery. ... i o emsaiitianees cacieeae aae ccaeeeanne samons somnmennnons smnn sammnn =
Loss during the census year fromn fire and other AGCIABNES «ueuu. cees ceneveeesnencnnmnsonsncennan

Value.
$11, 618,307
9,793,997
906, 911
645,412

34, 999, 101

$29,117
1,128, 166
1,433,395
36,839, 613
202, 725
371, 020
1,024, 017
611,572
408, 023
297, 529
631, 944
328, 097
43,705,218

374

12, 744

385

200

866
$1,899, 248
3,737,998
104, 631
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